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CHAPTER I. 

Land Surveying. — Description of Ounter'a Clmin. — Chain- 
ing and ProMical Observation^ on the Method of Chaining 
correctly, and with Despatch. — Chaining on Sloping 
Oround. — Stepping and IndinAymeter. — Offsets. — L^set 
Staff, — Method of Offsettvng. — Stations. — Field-iook. — First 
Description of the details of a Survey. — Practical general 
Remarks. — Straight-Edge. 

Whether it be proposed to construct such works as railways, or 
canals, docks, harbours, waterworks, roads, navigation or town 
improvements, large buildings, or any public or military works, 
a survey of the lands through or on which such works are to be 
constructed, is one of the first requirements, and this survey has 
to be laid down on paper according to certain adopted usage 
amongst engineers, and m conformity generally with some legal 
regulations of the country in which the survey is made, and which 
in England we term "Standing Orders;" it is also often re- 
quired for large or small districts of land, either for public or 
private purposes. A good survey is a faithful representation on 
paper of any particular lands, either as to the whole or part ; 
it is correct in length and breadth, and shows accurately the posi- 
tion of every fixture on the land, natural or artificial, as rivers, 
streams, roads, fences, buildings, &c. &c. 

There is more or less difference observed in making surveys 
according to the purpose for which the plan is required ; for the 
construction of a railway, a canal, a road, or the improvements 
of a river, a long narrow slip is required ; for a dock, for water- 
works, for town improvements, and many other purposes, where 
as much in width as in length of land may be required, another 
method has to be followed, though the same principles are carried 
out ; for a maritime survey, where a great portion of the work is 
what we term "inaccessible,"' another system has to be adopted ; 
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2 GUNTER'S CHAIN. 

but they all resolve themselves into one thing, and that is, a 
correct plan of the lands and areas surveyed ; although the 
methods pursued are different, the instruments are the same, 
and consist of certain lineal measures for ascertaining length and 
breadth, and certain instruments for measuring angles, whether 
the lines containing the angles are actually measured in length, 
or calculated, or merely laid down on paper according to the 
direction given by the lines containing the angles. For many 
mUitanr purposes, instead of using a chab, Hues are sometimes 
paced by the military surveyor on foot, or sometimes on horse- 
back ; but for civil engineering, all linear measurements are 
taken with the chain, which is one of the most important of all 
our instruments, and with the use of which we must be perfectly 
familiar in all its appliances before we can do anything in engi- 
neering field-work, as far as surveying and levelling are con- 
cerned, or setting out works. Before proceeding with a descrip- 
tion of this instrument and its use, we must observe that we 
take it for mranted that the beginner is acquainted with the ordi- 
nary use Ota pair of compasses, a drawing pen, a T square, and 
a set square ] if unaccustomed to drawing, the best thing he can 
do is to apply himself first- to txadng, ani then to copying some 
drawings \ dividing a foot square of paper into square ^nch68, 
and these again into forty or fifty equal parts, horizontaUjr and 
vertically, is very good practice ; so is describing a hundred circles 
in one of two mches diameter. When he can readily do 
this, he will handle his compass, pen, and rule with ease and 
comfort. 

The instrument generally used for taking land measurements 
is known as Gunter s Chain : it is 66 feet in length, and divided 
into 100 li/nka, united each to each by three rings, usually of 
elliptic form. For very important and delicate purposes, wnere 
the sides of triangles are all calculated, a steel chain, jointed like 
a watch chain, may be used for measuring the base line, and 
which is always to be stretched to an equal de^ee ; it is often 
laid in troughs, carefully adjusted horizontally, and allowances 
are made for extension and contraction from temperature ; field 
engineering, however, but very rarely indeed requires the use 
of this chain, and we shall at once return to the use of " Gun- 
ter's Chain.'" This being 66 feet long, and divided into 100 links, 
each link will be 7'92 inches in length, or S5|^* = 7*92. Every 
ten links are marked by pieces of brass, shaped something like 
the fingers of the hand, tne first ten being noted by one finger, 
the second ten by two fingers, the third by three, and the fourth 
ten, or forty links, by four fingers ; fifty, or the centre of the 
chain, is noted by a round mark. From the other end of the 
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chain, the same notation commences up to the middle of the 
chain again, so that one finger may note 10 or 90, accordingly 
as it is read from one end or the other ; and in the same manner 
20 may be 80, &a &c. Beginners have therefore to be careful 
on this point, for very serious errors are often made, even by 
those who have had a good deal of practice. 

An acre is equal to 4 roods, or 10 square (Judns, or 160 perches, 
or 4840 square yards, or 43,560 square feet, or 100,000 square 
links, and a length of 10 chains, by a width of 1 chain, is equal 
to an acre ; or 1000 links, multiplied by 100, equal to 100,000, 
equal to one acra If, therefore, the contents of a field, or of 
several fields, or of an entire survey, be found in square links^ 
then dividing by 100,000 will give the acres ; but this division 
is effected by pointing off the five last figures towards the right 
hand, when the remaming figures will give the acres; multi^y- 
ing the figures cast off by 4, and again pointing off the five 
last on the right, wiU give the roods ; and repeating this opera- 
tion with 40 instead of four, will give perches and decimals, 

thus : — 

Links. Links. A. 
850 X 550 » 4.67500 

4 



2.70000 
40 

A. B. P. 



28.00000 or 4—2—28.00000. 

At each end of the chain is a brass handle, by which it is 
held when in usa With the chain must be provided ten arrows, 
made of stout wire, about fifteen inches long, pointed at one 
end for the purpose of driving into the ground, and with a ring 
at the other end for hanging on the finger. 

The chain is used for measuring distances straight from one point 
to another, and which may be only one or two chains in length, 
or five or six miles, or more ; in measuring a line of five miles, 
or 400 chains (eighty chains being equal to one statute mile), if 
the chain be only one inch t-oo long or too short, we shall have an 
error of 400 inches, or half a chain, and so in proportion as 
the line measures more or less ; hence the necessity for the 
len^h of the chain being correct. To make certain of this, a 
champs length of 66 feet should always be set out on a level 
piece of ^ound, or along the coping of a wall, so as to affi)rd 
opportumty of testing the chain by this standard as often as 
necessary. Even with an old chain, which may be supposed to 
have been well stretched by repeated use, this testing should 
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4 CHAINING. 

always be performed once a week ; with a new chain oftener, 
and care should be taken to straighten the links that have got 
bent When it is remembered that a chain may be stretched tight 
some three or four hundred times a day, or more ; dragged over 
rough ground, loaded with wet clods, through hedge and ditch, 
it will be easily perceived that a considerable elongation may 
take place ; this should be corrected by shortening equally on 
each side of the 50-mark until the chain is reduced to its 
proper length, either by shoitening two of the links, or taking 
off a couple of the rings. 

The operation of using the chain is performed by two persons, 
called the " leader*' and the "follower" and in the manner now 
to be described. The leader starts in the direction required 
with the ten arrows in his left hand, and one end of the chain in 
his right, the follower remaining at the starting point, there 
holding the other chain end. . Having dragged out the length of 
the chain, the leader holds one of the pins or arrows with the 
handle of the chain in his right hand, and according to the 
directipn of the follower, sticks it into the ground on the line to 
be measured. This done, and on a signal being given, the leader 
leaving the first arrow sticking in the ground, and giving the 
chain a cost to the right to prevent its dragging against this 
arrow, proceeds until he has reached another chain's length ; 
whilst the follower walks up to the pin first driven in, at which 
he holds his end of the chain whilst the second arrow is stuck in 
the ground by the leader according to the follower's directions. 
This operation is repeated until the leader has expended his ten 
arrows, upon driving the last of which into the ground, he calls 
out " ten." Ten chains have thus been measured, and the Sur- 
veyor makes a note of this in the field-book. The leader now 
waits until the follower walks up to him ; the latter makes a 
mark in the ground where the tenth arrow has been fixed, both 
leader and follower count the arrows to see that the number is 
complete, and the leader again taking the whole of them in his 
left nand, proceeds as before ; thus a line of any length may 
be measured on a survey, care being taken never to omit 
noting in the field-book every tenth chain as soon as it is 
reached, for which reason it is imperatively necessary that the 
leader call out " ten" every time the ten arrows are expended ; a 
fine, if necessary, will soon teach him. 

The accuracy and dispatch with which a survey is carried on 
depend on no one thing more than on the chaining; for which 
reason it will be necessary to enter into a few -details on this 
subject. 

In chaining from one point to another it is necessary that the 
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chainmen should have at least one distinct object before them. 
On a line of any considerable length, as a base or sub-base, it 
will be necessary, in the first instance, that such a line be 
ranged out ; that is, that poles be stuck up at intervals along the 
line, so that the chainmen may guide their work by such poles, 
or ranging-rods, which will have to be placed generally on the 
heights, and in the hollows, through which the line is to pass, so 
that, in crossing over the undulating ground, there shall be 
always one, if not two, of the ranging-rods visible in the fore- 
ground. If this is not attended to it will often happen that, on 
a sudden, the chainmen will find themselves without any objects 
to guide them. Generally, however, a good follower will look 
out for this, and select some object in a hedge, so as to keep 
himself iu line until the poles become again visible. The straight 
stem of a tree, a poplar, a chimney, or any other well-de- 
fined object, should always be selected as a fore object, when 
convenient, as this selection, judiciously made, often saves a great 
deal of time, by preventing the necessity of sending men forward 
with poles. This is very often the case on lines of forty or fifty 
chains, and even more. For short lines, some well-defined 
object in a bush, agate-post, a stake in a hedge, may be selected ; 
but it is absolutely necessary that the object be well defined, so 
as to prevent mistakes, which might prove very serious. Occa- 
sions often occur when it is useful to leave two or three marks 
behind, by which the leader may be able to guide himself. A 
stick cut out of a hedge, with a cleft made in it, so as to hold a 
bit of white paper, often answers the purpose very well ; all 
these little matters save time, as they avoid the necessity of 
fetching poles, and then sending forward or backwards to stick 
them up. These paper marks are called whites, and are often 
useful in sighting a line through a wood. 

In order to insure good chainage--oertainly one of the most 
important things in a survey — many good surveyors prefer 
^^ following" the chain themselves ; undoubtedly a godd plan in 
many respects, but not without corresponding inconveniences, 
having to chain at the same time that he has to hold his field- 
book, and his '^ offset-staff y* and, at the same time, having to 
keep his eyes about him, as to where his offsets have to be taken 
to, leaving stations, and making his notes. A little pains taken 
with chainmen, and a judicious enforcement of a little discipline, 
will almost always, in a few days, produce good chainmen. I 
will now endeavour to point out all that has to be observed to 
ensure good chainage. 

On starting in the required direction, the leader should, 
instead of going at random, keep his eyes fixed on the forward 
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object ; this will ensure his being, at the chain's length, not very 
far off the line. If he is not at once persistently drilled into 
this, instead of being only a foot or a few inches off the right 
line, one way or the other, he will be generally many feet, 
perhaps yards, out of the true direction. When so far off, he 
will have to move many times backwards and forwards, as 
directed by the follower, before he will be on the line, by which 
time is lost at every chain ; and when this is repeated two or 
three hundred times in the course of the day, sometimes a great 
deal more, it will at once be seen that it absorbs a very con- 
siderable portion of the working day. But if, on the other hand, 
he is at once taught to keep his eyes on the forward object^ as 
he drags the chain along, he will, at the chain's length, almost 
always find himself within a foot or so of the mark, when a very 
few directions will bring him correctly on to the line. 

When the leader has come to the chain end, he should turn 
half face about, so as to stand with his right side towards the 
follower, holding the end of the chain and one arrow in his right 
hand, and this arrow he should hold at not more than five or 
six inches from the point end. This will ensure the chain laying 
flat enough for all practical purposes, if the follower at the same 
time h^ds his hand down to the ground, and close to his arrow. 
The f WlA w ft^ should then hold his chain-end and arrow out 
before him, so that his body be not in the follower's line of 
sight. He should not at first stick his arrow into the ground, 
but hold it an inch or so off the ground, until he finds, by the 
given directions, that he is getting very near the right spot On 
the follower's ceiling out " mark," the leader drives the pin into 
the ground when the chain is laid. 

The next thing to be very careful of is, that the leader holds 
his arrow perfectly upright ; until well drilled to his work, he is 
too apt to lean his arrow slantingly forward, so that correct 
chainage is not obtained. This generally arises from the follower 
leaving the leader to atraigkten the chain by tightening or pull- 
ing at it ; this shoujd not be ; the follower should be taught to 
straighten the chain himself by genUy casting it one side or 
the other as may be required, and he should not be allowed 
to call out to the leader, "straighten the chain/* or "tight/* 
which means the same thing, the leader having already quite 
strain enough on his arm by having to hold out the chain and 
pin sidewaya 

In the next place, with regard to the manner of the follower 
giving directions to the leader so that the latter may stick his 
arrow on the right line ; it is too much the custom to allow the 
follower to give signals to the leader^ either by waving his hand 
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right or left, or working his head in those directions ; nothing 
can be worse, as it compels the leader, who is stooping and hold- 
ing out his hand loaded with the arrow and tight chain, to 
twist his head round to see the follower's signals, and conse- 
quently to have his eyes off his arrow, so that it may slant 
backward or forward without his being aware of it ; besides it is 
unnecessarily fatiguing. The follower should be taught to signal 
to the leader by calling out " to you/' or "from you/' as the 
position of the arrow may require ; the leader has then a better 
command over the chain ; he can keep his eye on his arrow, 
and see that he holds it upright. 

We must now say a few words as to bein^ over cautious or 
too fastidious in getting the arrow eosacUy on the line ; in doing 
this, however, we must particularly request our readers not to 
imagine that we in any way advocate slovenly surveying, which 
in engineering matters particularly is absolutely worthless ; at 
the same time, however, a great deal of time may also be use- 
lessly expended in " picking out pins' points/' Perhaps one of 
the best illustrations we can afford as to our meaning, is a chain 
at the time of being used in chaining across a field freshly 
ploughed up, or through a field of wheat, clover, turnips, &a ; 
now, not all the puUing and casting we can give, will lay the 
chain perfectly straight ; again, observe the innumerable little 
undulations in the smface of the ^ound which are met with at 
every chain's length, and are but just perceptible ; these latter 
obstructions affect the chainage vertically as much as the former 
do horizontally, and both occur at every chain nearly throughout 
a survey. Now the same amount of irregularity may be allowed 
as regards the eooact position, mathematically speaking, of the 
arrow. The result, as affecting the true chainage, will be found 
for all practical purposes inappreciable, more particularly as 
regards nedges and ditches, and all ordinary boundarie& When 
we come to the survey of street^ and buildings to a scale of thirty 
or forty feet to one inch, it is another matt^ ; but of this we 
shall speak in another place. To return to our present subject, 
and further to illustrate our meaning, let the reader measure 
over three or four times a line of thirty or forty chains, at first 
attending minutely to the position of the arrows, and so measur- 
ing it twice over ; and next let him measure again twice over, 
neglecting within the bounds of common sense this m/i/nutdy 
correct position of the arrows, and keep notes of all the four 
measurements ; he will find that the differences are utterly 
in^preciable, and that there will be, in all probability, as much 
difference between the first and second, and between the third and 
fourth measurements, as between.the first and third; or second and 
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fourth. Possibly the reader may now inquire the motive of this 
lengthy explanation of a matter apparently trivial ; to this the 
answer is, to prevent the young surveyor wasting his time, for 
waste it is, since the result of this over caution, against which it 
is now the object to warn him, cannot, in fact, be in the least 
degree practically appreciable. If, on the other hand, he chooses 
to give this advice an extreme meaning, he will have the mortifi- 
cation to find in the end that his survey is of no value for engineer- 
ing purposes. As we have said before, nothing will better 
satisfy the mind as to the true sense and extent of our 
meaning than measuring a line a few times over, and comparing 
the results. 

Never in chaining allow the chain men to cast the chain over 
a hedge, but always through. The only exception that I can 
think of to this general rule is, where the ground is very abruptly 
rising on one side or the other of the hedge. Before reaching a 
hedge, the follower should very carefully note the spot on the 
line where the chain should pass through the hedge, atid, 
although the brow of the ditch is the boundary of a field or pro- 
perty, and is to be noted as such in the field-book, it is also very 
advisable to note also the centre of the hedge carefully whilst 
the chain is held tight ; by doing this, and at the same time 
cutting a little bark with a knife off one or two branches 
near the ground, we have always the means of finding a 
well defined spot on the line, both as regards position and 
measured distance. Such marks as these will remain a long 
time after " stations" proper have been effaced by accident or 
mischief. 

There is another practical hint as regards hedges which we 
would venture to give the student, and even to some surveyors. 
It is to avoid cutting down hedges unnecessarily and indiscrimi- 
nately. We have often seen a gap cut in a hedge wide enough 
to drive a wagon through — ^to say the least of this it is sheer 
waste of time ; such acts of mischief enrage the farmers, who 
consequently turn the surveyor off; and although he may come 
back again in a day or two, it occasions another loss of time. 
Again, if it be found necessary to clear the view through a 
hedge, never cut down any of the main branches, but merely 
the leaves and twigs which obscure the sight ; in a year or so 
these will all grow again, and the damage disappears ; but cut 
awav any of the main branches, and a handsome quickset hedge 
is disfigured for yeai-s afterwarda For every reason, there- 
fore, it is advisable to avoid cutting gaps through hedges, at least 
as a general rule, though necessarily many exceptions will occur. 

In going up or down sloping or " sideling" ground, it will be 
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observed that if we measure the inclined length we do not 
obtain the hoin^zantal length, which is that which we require for 
laying down the plan of the sur* 
vey on paper ; for instance, in the 
annexea %ure, A B is the mc^necZ 
length measured along the sloping 
ground ; but A C is the horizontal 
length required for laying down the plan on paper; for many 
ordinary purposes, and where the inclination is not great, we 
may obtain the horizontal measurement by holding up the chain at 
one end, whilst the other is held close down to the ground, as shown 
in the dotted lines, taking care as much as possible to prevent 
the chain from bagging, and also that the arrow is placed verti- 
cally under the end of the chain which is held up off the ground. 
When the inclination is sufficiently great for the vertical height 
at which one end of the chain is held from the ground to amount 
to three or four feet, and particularly if there are several chains 
of such ground to measure over, it is well to observe further 
precautions. All the chainmen should be provided with five or 
six feet of line, and something in the shape of a plummet, even 
if it be only a stone at the end of the line. By holding this in 
his hand instead of the arrow, the leader ascertains in sloping 
ground where the arrow should be placed, and the follower by 
the same means, supposing he has to keep his end of the chain 
up-raised by keeping his plumb near the arrow, is enabled to 
hold his chain-handle exactly over it By these means the 
horizontal base of very steep inclinations may be obtained, even 
if each chain's length has to be measured by the above means in 
several steps, which is the reason of the technical expression 
''stepping,' which is applied to this method of chaining; and 
where it does not exceed two or three chains, and these precau- 
tions are carefully resorted to, the work will come out very well. 
When, however, there is any length of sloping ground, and the 
inclination is considerable, recourse should be had to an " incli- 
nometer," which is an instrument for measuring the angles of 
elevation and depression, and ascertaining the corrections to be 
made in order to obtain the true horizontal distance. Instru- 
ments of tbis kind are to be obtained from the makers of 
mathematical instruments. At the end of this volume the 
reader will find a plate, entitled '' inclinometer," illustrating tbe 
instrument the author has been in the habit of using, and which 
is very easily manufactured. At one end^ through the brass 
rim enclosing the semicircle, is an opening of about a quarter of 
an inch in diameter, with a fine wire stretched horizontally 
across, coinciding with the diameter A B of the semicircle ; at 
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the other end, which is the ty% wiA^ S& a small aperture of about 
one-twentieth of an inch in aiameter, the centre of which is also 
made to coincide very exactly with the diameter, and therefore 
also with the wire above-mentioned ; this gives the line of sight, 
and the pendulum points to the degree and allowance in links 
to be made at each chain's length. Where, for any length, the 
ascent or descent is regular throughout, it will be sufficient to 
send a chainman forward to stand on the line^ having previously 
marked off on your ofibet-staff the height of your eye &om the 
ground. The man starts forward with this offset-staff, and holds 
it at the required distance, placing his hand on the above-men- 
tioned mark, so that you may ascertain €he point to which you 
are to direct your sight Immediately you have done this the 
pendulum points to the allowance to be made at each chain's 
length, which your assistant carefully observes immediately the 
pendulum is at rest This allowance you may as well make on 
the spot, by drawing the chain /(>nt;arc2 a certain distance equal 
to the allowance pomted out by the pendulum on the instru- 
ment Suppose, for instance, that the allowance pointed out be 
six links, then for the chain to measure one chain horiziynJboX 
along the inclined ground, you must lay your chain on the 
ground to its full length, and place the arrow at six links beyond 
the end of it ; and this at every chain. To make this more 
intelligible, let the reader, as soon as he understands the use of 
scales, lay down an horizontal line and an inclined line, the two 
forming an angle of twenty degrees. To a large scale lay off five 
or six x^hains along the horizontal line, and he will find the 
I inclined chain to measure 106 links. This drawing of the chain 

forward will have to be done going either up or down the side 
of a hilL This instrument the reader may have very cheaply 
manufactured, by making a tracing from the plate, pasting it on 
a bit of drawing-paper^ getting a semicircular box made about 
half an inch deep with the apertures above-mentioned, and 
with a glass face to the box to prevent injury and also the 
effect of the wind on the pendulum when the instrument is in use. 
Messrs. Elliott now manufacture a most complete little card for 
this ptupose. 

As yet we have only spoken of chaining as regards measure- 
ment) without saying anjrthing of the observations that have to 
be made as the work proceeds, consisting of notes as to where 
the chain intersects hedges, fences, brooks, &a, &c., on the line, 
and of such objects, or any others by the side of it, as we go 
along. These observations to objects by the aide of the line are 
made by what is called *' taking ofisets.^' They are simply short 
measurements taken at right angles to the ohain ; the exact 
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chainage at which these offsefcs are taken^ and their lengths, being 
all carefully noted The annexed figure will best explain the 
nature of oflFsets, how, where, and for what purpose they are 
taken, and also how they are afterwards laid down on paper. 
This figure is a short extract 
from the field-book, in which 
you read from, the bottom tip- 
wards towards the top. The 
extract commences at 1000 
links, or 10 chains, showing that 
the whole number of arrows 
has changed hands once; at 
1060 an ofiset is taken ; it is 
taken at 1060, because that is 
the link at which a line at right 
angles to the chain will inter- 
sect the corner of the two 
fences ; the length of this off- 
set measures 92 links, and is 
entered as such ; 1130 again is 
the chainage from which a per- 
pendicular to the chain wUl fall 
on tlie comer of a house ; the 
same at 1 235 ; at 1525 a simi- 
lar of&et is taken to the comer 
of a fence ; a square has been 
drawn round this chainage, to 
show that it has been marked 
as a " stdtion ;" that is, a point from or to which another line 
hereafter will be measured ; the same at 1940, from which an 
offset is taken not only to a bend in the fence, but also to 
another fence, which there runs into it ; at 2000 another change 
of arrows ; at 2050 there is an offset to a junction of fences ; at 
2120 the chain cuts the brow of a ditch, and at 2130 the quick ; 
the figures 70, 45, and 80 in the buildings note their widtha 
In taking the boundaries of fields which are surrounded by hedge 
and ditch, it is the edge of the ditch which is the true boundary^ 
and to which therdbre the offsets are to be taken, or an allowance 
for the width of the ditch should be made in the field-book ; six 
links is often given as the width of the ditch. Taking the off- 
sets to the bends and irregularities of a fence is a ver^ simple 
matter, but taking offsets to the junctions of fences requures some 
care, because it is the intersection of the edges of the ditches 
which has to be noted, and it requires some caution in finding 
on the chain the exact point from which a perpendioiUa^ wiO 
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fall on the intersection of the edges of the ditch. By neglecting 
to pay due attention to this, a boundary between two fields may 
be placed some eight or ten links wrong ; in a working, or " perma- 
nent" survey, as it is called, this should be carefully attended to. 
As regards the lengths of offsets, that is, the greatest distance 
from a chain line to which offsets may be taken ; where merely 
the bends in a fence have to be determined, a length of offset of 
two or three chains may very well be taken without further precau- 
tion than fixing the perpendicular by the eye, and measuring its 
length ; supposing, for instance, that in chaining through a field, 
a fence running by the side of it is at about from one to three 
chains from the chain line ; this distance is not at all too great 
for the correct fixing of the position of the offsets to the bends 
in the fence; and the lengths of such offsets mav be very accurately 
measured. But where the chain line cuts a ^nce obliquely, and 
there is another fence running into it, which is more or less 
parallel to the chain line, a little more caution is requisite to fix 
correctly the boundaries ; the annexed cut will explain our 

meaning to the young practitioner ; let 
A B be the chain line ; it is required to 
fix the point of intersection of the ditches 
at C, which is about two chains off; in- 
stead of fixing the position of C merely 
by a right-angled offset, it will be found 
better to measure from A to C, and then 
laying out another chain, measure from d 
to C, and note these dimensions in the field- 
book, marking in the dotted lines to ex- 
plain how this has been done. It will 
be found that there is no loss of time in doing this, that the 
point is more accurately fixed, and consequently more accurately 
laid down on paper by means of arcs from A and d with the 
lengths A C and d G intersecting at C, the point required. The 
same observations will hold good as regards the fixing of the 
positions by offsetting of the comers of buildings ; let it be 
understood that we are now speaking of surveys to be plotted or 
laid down on paper to a scale of from six to three chains to the 
inch ; where, however, in consequence of the great number of 
irregularities or bends in a fence, it would be necessazy to take 
a correspondingly great number of offsets of an average of two 
chains length, it will be found much shorter and more correct 
to lay a couple of perpendiculars towards the fence and join 
them by a line parallel or thereabouts to the fence, and so close 
that the offsets will only be about half a chain long, or even less, 
as shown in the annexed figure ; where A B is the main chain 
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line, d c and e f the two short perpendiculars, and c /the 
line from which o&ets to the fence are to be taken ; a little 
obfieryation will show that this will be the shortest method of 
proceeding in sach a case, and in every way 
better and more correct than the number 
of long offsets which would have to be 
taken from the main line. 

There are two instruments in use for 
measuring ofi&ets ; the tape, and the offset 
staff ; the first requires no description, and 
in using it, we have only to note tne spot to 
which we are going to oSaet, and to find 
the link on the chain from which the per- 
pendicular is to be measured ; this is ascer- 
tained by the eye, and very correctly after 
a little practice. The principal objections 
are, that it requires two persoDS to attend 
to it, that even with care it very quickly 
frays out, and that in dirty weather, more 
particularly if much required, it soon gets so dirty as to become 
quite illegible ; it is more desirable to use amongst buildings than 
in the field. The surveyor, however, should always have one in 
his pocket The o&et staff which is generally used by sur- 
veyors is the tenth of a chain in length, equal therefore to 10 
links, or 6 feet 7J inches nearly. It may be of hickory, ash, or 
red pine, requiring to be made of tough springy stuff, as it has a 
good deal of rough usage to go through ; in the centre it should 
be about one inch and a quarter, or one inch and a half in 
diameter, round, and slightly tapering towards the ends, which 
should be about three-quarters of an inch in diameter ; one end 
should be armed with an obtuse pointed iron ferrule, with a steel 
point for sticking in the ground ; at the other end should be 
another ferrule not pointed, with a strong hook fastened to the 
side, and wide enough to receive the brass handle of the chain ; 
with this hook the offset staff is extremely useful for dragging 
the chain through a hedge ; the links may be marked upon the 
offset staff by drawing rings round it with a red-hot wire ; 
the centre may be marked with a Y, and the other numbers 
read off by the eye. It is used in the following manner ; having 
noted the spot to which the o&et is to be taken, stand sideways 
along the chain with the rod in your right hand and between 
your legs, and pointing to the spot to which you are going to off- 
set ; you will soon see, after a little practice, when it is at right 
/iDgles to the chain, which will give you the chainage to enter in 
your field-book ; this done, lay the rod pointing to the spot you 
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are ofbetting to, and keeping this point in your eye, turn your rod 
round end for end over and over again along the ground, until 
you reach the other end of your offset, counting the length as 
you go along, each length of the rod being 10 Imks ; if you are 
at all active you will, idfter a time, do this at a running pace, but 
of course for accuracy the staff must come flat to tiie ground 
each time it is turned over. We may now conclude this portion 
of our subject with the following hint ; that it is unnecessary to 
offiet to fences or other objects one or two chains off, if these have 
to be picked up upon other chain lines to be set out hereafter. 

If the reader has had no experience whatever in surveying, 
and is anxious to learn, we would now advise him to take a 
chain, arrows, and an ofbet staff, go to some quiet plaoe in the 
fields, hire some youth to drag his chain, lay out a line of some 
half-mile in length — taking a tree, for instance, as a distant 
object, being careful that there are hedges along the side of the 
line to o&et to— and then and there put the advice above given 
into practice; measure this line half-a-dozen times over, tdcing 
the o&ets every time, and conxpare the results. With a little 
care in practising all this he ¥all, in two or three da^ be able 
to chain and take oflsets. Writing off the chamage will 
perhaps puzzle him a little at first, but he will quickly overcome 
this ; for instance, suppose his first offiiet comes upon the first 
half chain, then it wul read 50 in the field*book, being 50 
links; let another come upon 6 chains and 47 links, when he 
has 6 arrows in his hand, and the chainage wiU read 647 ; after 
the first change, let the cutting of a fence come at 8 chains and 
83 links, then it will read ] 383 ; if this had been after the 
seventh change, then it would have read 7388 ; again, suppose 
it to be at 67 links beyond the tenth change of arrows, then it 
would read 10067 ; or 5 chains and 79 links after the twentieth 
change, then it would read 20579, and so on ; hence the neces- 
sity of carefully entering each time a change of arrows occurs, as 
it denotes that 1000 lii£s, or 10 chains, have been expended ; if 
this be neglected, you are very likely to make a 10 chains' 
mistake. Alsavrith regard to the finger-marks on the chain, 
remember that 3 or 4 fineers on one side of the round 50 mark 
in the centre, read 30 and 40 links, but on the other side of the 
round 50 mark, they read 60 and 70, being respectively 10 and 
20 links beyond the 50, and 30 and 40 short of the 100. This 
must not appear fastidious, for such mistakes do occur even to 
practised surveyors from oversight and occasional hurry. 

We will now say a few words upon the subject of "stations" 
In making a survey, a line' is chained from end to end to 
ascertain the measure of the total length, the distances at which 
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boundaries aria apart, as also the different lengths at which offiiets 
are taken to objects near the line, and more or less parallel to 
it ; and if a survey is only to be four or five chains wide, the 
whole of it may, m many cases, be obtained upon that one 
chain line; but instead of this, it is seldom less than twenty 
chains wide for engineering purposes, except amongst buildings, 
and often as broad as long. Hence the necessity of other lines 
to pick up the features over the breadth of country under survey, 
and all lixese lines must, be connected and tied together. The 
points at which they start out of, into, or through each other, or 
where they begin, and where they end, are called '* stations." 
They are marked as such in the field-book, for reference during 
the survey, and when the work is being laid down on the paper; 
and they are also marked on the ground in order that they may 
be found when wanted. In the field*book this is very easily 
done by drawing a line above and below the figures denoting 
the chainage at which the station is made. On the ground it is 
sometimes more troublesome. In grass lands it is easy to cut a 
triangular mark, or a crow's-foot, just large enough to catch the 
eye, when revisiting the spot to pick up such station; but in a 
good deal of arable land such a mark would soon be lost sight 
of; in such cases, the best thing to be done is to drive in a 
picket^ cut out of a hedge, of which the chainmen should have 
a few in their pockets, or in bags slung over their backs ; one of 
these can be driven into the ground at the spot required with 
the bill-hook, which they have also to carry about with them. 
When, however, a station of this kind comes anywhere near a 
hedge which tiie chain line is intersecting, we often prefer 
marking the quick in it, as a false station, and chain back or 
forwards from it^ when the station is required at a future time ; 
we are then certain that our mark will not be lost or destroyed. 
When, however, circumstances are such that the station can 
be conveniently marked it should always be done, taking first 
due care to lo(& about you to see how a line running through it, 
right and left if necessair, will lay to pick up the work that will 
be by the side of.it In doing this, keep your eyes also open 
to any opportunity there may be of laying your station so that 
you may be able to take any natural object for the line to be 
chained upon instead of having to send forward to stick up a pole. 
It can never be too carefully or constantly ke})t in mind, that by 
attending to all tiieae things much valuable time is often saved. 
If your fences, &a, lay so that you are likely to have two or 
three lines in different directions from about the same place, 
endeavour to place your station so that it may answer for all. 
Avoid putting a station upon odd links, but put it at a ten, or at 
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least a five if possible. When we come to the subject of Chain 
Surveying, we shall have an opportunity of saying a few words 
more on this subject. 

The "fiddrbook" is a register in which all observations and 
notes connected with a survey are duly made, and we might 
almost say that the number of forms for keeping this field-book 
is as numerous as the number of surveyors ; the great desiderata, 
however, are simplicity, and eas^ reference throughout its pages ; 
it ought to be so very intelligible, that any person acquainted 
with surveying can make the plot of the survey from end to 
end without any uncertainty or difficulty, and although this may 
at first appear difficult with three or four hundred pages of 
notes, a good system makes it perfectly simple and easy. The 
form of field-book given in these pages is one we have been 
accustomed to use for upwards of twenty years, on every descrip- 
tion of survey, and we nave never seen occasion to alter it ; we 
have therefore reason to believe it -one of the very best — it is 
convenient in the field, intelligible in the office, and of so easy 
a reference, that there is no difficulty in plotting a survey from 
it years even after such survey has been made. This fiela-book 
is about four and a-half inches wide, seven or eight long, and 
opening lengthways, and should be paged from end to end. 
Down the centre of each page, lengthways, a column about half 
an inch wide should be ruled for entering the chainage, the 
offsets being registered right and left of the said lines as they 
occur. 

With the illustration of this field-book, given with Figure 1, 
it is hoped that a few words will suffice to make it intelligible. 
For easier and more accurate reference, the chain lines are all 
numbered, as well as the pages^ as L. 1, meaning Line No. 1. 
The reason for this is, that, in each long double page, there may 
sometimes be half-a-dozen chain lines, when there are not many 
of&ets to take on them ; and it may so happen that two stations, 
on different lines, may be registered by the same figures ; re- 
ferring, therefore, to the number of the page would not be 
sufficient, and reference must also be made to the number of the 
line on which the station occurs. Let the reader now refer to 
L. 1 in the field-book, and to the plan shown at Figure 1, where 
L. 1 is shown by the letters A B ; and note particularly that, in 
this field-book, the pages all commence at the bottom of the 
page, by which means you read onwards in the same manner 
you are chaining. After taking a cursory view of the ground 
to be surveyed, this line was adopted as the base of opera- 
tions. We commenced at A, by the trunk of an old oak 
tree, and there being a tall chimney about a mile ofi^, in the 
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direction required, we chained for it instead of sending on a 
pole. Nothing occurs until we come to the third chain, on 
which, at 40 links, a station is made for running a line to take 
the curved fence on the left-hand side. The follower having 
two arrows in hand, this station is registered as 240. On the 
fourth chain we intersect a fence, the brow of the ditch at 340, 
and the quick at 848 ; the direction at which the chain passes 
by these being sketched in, there is no further note to make 
until the first ten arrows are expended, which is duly registered. 
The next observation to make is the intersection of ditch and 
fence at 1395 and 1405 ; we have now some oflFsets to take, and 
to sketch in the relative position of the fence with the chain 
line. To do this stand on your chain line, facirig your fore 
object, and sketch in the fence as it appears receding from or 
approaching the chain, and never sketch in more than three or 
four chains at a time, and as you proceed, or you will find that 
very often you will be obliged to have recoi;irse to your Indian- 
rubber to efface that which on close inspection proves to be dif- 
ferent to what it appeared seven or eight chains off ; look out 
carefully for the chainage, from which a perpendicular will fall 
to meet intersections of fences. The habit of accurately sketch- 
ing in the position and appearance of objects, as they occur 
along the side of the line, is very valuable as affording material 
assistance in laying down the plot with the help of the registered 
lengths of chainage and offsets ; it is only to be acquired by 

f>ractice. No further observations are now required as to this 
ine until we reach the end of it at 5060, firom which point it is 
observed that two lines can be struck out right and left for 
taking up the fences on both sides. We now come to line 2. 

This commences with the following sign |^^ which means turn 

to the right from the last line ; the starting point of this second 
line is 5060 on the last line, and the last station of that line ; 
it is therefore entered as " From 5060 last ;" now observe that 
this sign and the figures of the station give the starting point 
and the direction taken, this information being for afterwards 
plotting the work ; w^re the sign left out we should have to 
trust to memory as to whether we turned to the right or the 
left Having chained this line, and taken the offsets, we come 
to the end of it at 2300 as a station ; this point is fixed upon 
because, standing on the chain, we see that we shall intersect 
from it line 1 at station 2845, left for this particular purpose, 
and continuing the straight line on through this station, the 
end of line 3 at chainage 3500 is a fixed point ; its direction 
being determined by the starting point and the station it passes 

c 
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through ; and this direction has been so fixed because it gives 
oppoMinity within good offset distance of picking up the 
fencing on the right and left of it. Similar remarks are made at 
its commencement as for the last line ; still turn to the right, 
and from the {o^ station. Had it been any other station on 
that line it would have been from station so and so " last line" 
As regards the fourth line, we have only given the commence* 

« 

ment of it as ^ ^ meaning turn to the left, instead of to the 

right as heretofore. Let us now suppose that we are beginning 
another line from A, but instead of going in the direction A B, 

that we are chaining to the right, then the sign will be L^. A 

few words more will conclude this tedious, but very necessary 
explanation to the reader who is endeavouring to acquire the art 
of land surveying unassisted. In chainiug along a road always 
chain in the road itself instead of in the fields by the side of it ; 
in the latter case you would have to offset to the one fence by 
crossing over the other, which is always very inconvenient ; you 
have besides no opportunity of observing many little details 
which become concealed from view ; such as waste by the road- 
side, gates, pools, bends, and breaks in the opposite fence, all of 
which should be shown pn a good survey, particularly if the plot 
is to be to anything like a large scale ; always offset also both 
sides of a brook ; buildings require particular care with regard 
to offsets ; where in an ordinary survey these are in numerous 
detached blocks, it is by ho means a bad plan, after having sur- 
veyed the fences immediately bounding each block of buildings, 
and one or two of the principal buildings also, to plot what you 
have actually surveyed of these, and make a tracing of the 
work ; then at the first convenient opportunity, with a small 
pocket-scale and a tape, fill in the details on the spot on the 
tracing ; remarkably accurate work may be thus produced and 
very easily, for the slightest omission or error as to the shape of 
the buildings will strike the eye when the work is thus examined 
on the ground. 

A wall very oflen crosses a chain line, and of course totally 
impedes the view ; it becomes necessary to find on the other 
side of the wall the exact spot where the line crosses; by means 
of a plumb-line we, can transfer this spot, first to the top of the 
wall, and then dropping the line to the other side obtain what 
we require. 

We have now made every observation we can think of on this 
subject, and strongly recommend the reader to practise all this 
until he finds himself familiar with this portion of the work ; 
then, and not till then, it will be time for him to study the lajdng 
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out of a survey, by chain alone, or with the additional help of 
instruments, for which he will find instructions in the following 
pages. 

Supposing the advice above given to be followed out, the next 
thing the reader will require will be the means of laying down 
his straight lines, his distances, and offsets on paper. To do this 
a straight-edge, a scale, needle-point, and pencil are required. 

A straight-edge is a long fiat rule, the sides of which are as 
perfectly straight as it is possible to make them. This instru- 
ment is required to lay down the chain lines on paper, and 
since we are as careful as possible on the ground to keep this 
chain line straight, it is equally requisite to do so on paper. 
Land surveys are most usually plotted to a scale of three, four, 
five, or six chains to one inch ; that is to say, that one inch on 
paper represents one or the other of those numbers of chains on 
the ground. Take five chains, for instance ; a chain being equal 
to sixty-six feet, and there being five chains to the inch, the latter 
will represent three himdred and thirty feet ; one foot, there- 
fore, will be represented on paper by the 330th part of one inch. 
The reader will now perceive the importance of a straight-edge 
in laying down a long chain line on paper, perhaps two or three 
miles, and therefore, also, the importance of the instrument with 
which it is to be done ; and we must request of him to under- 
stand that there is nothing fastidious about the caution here 
given, as he will find to his cost when neglected ; on the other 
hand, we must also request of him not to be over cautious in 
carrying this advice into practice, or he will positively waste 
much valuable time in endeavouring to obtain that which has 
DO practical results. The following circumstance will illustrate 
how easy it is to fall into either extreme. Many years ago the 
writer was assistant to a gentleman who was engaged on a very 
extensive survey on which one base line measured upwards of 
seven miles ; a straigkt-edge (?) was purposely made for laying 
down this base, which was on mounted paper, and strained on a 
large board. When we came to fill in the survey, a great number 
of lines were run from, to or through this base, ana on plotting 
the work we were very much annoyed and surprised, for great 
pains had been taken, to find that many of these lines plotted 
too short or too long ; many of them were chained over again 
without finding any defects to account for the cause of opr 
annoyanca At last the guilty one was suspected ; a long piece 
of fine strong silk was procured, slightlv waxed, and strained 
from end to end of the base, which was then discovered to be in 
many places as much as ten and fifteen links out of the straight 
line, and accounted for apparent errors in the field-work ; on a 

c2 
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mathematical examination of the straight-edge, it was found to 
be no straight-edge at all, and a great deal of work had to be 
done over again ; the rule was sent to a first-rate instrument 
maker to set right, and came back a straight-edge. Unfortu- 
nately our mishap made us over fastidious, and a very great deal 
of time was wasted in straightening that which was not straight 
in fancy only. To ascertain the correctness of a straight-edge, 
two or three of them are required ; two of these should be placed 
edge to edge, and slided along each other, whilst held between 
the eye and the light ; if the edges exclude the light in some 
places, and admit it at others, then the edges are not straight, 
and require correcting ; but they may happen to be equally curved, 
when, although they would fit close, still they would not be 
straight ; then try the other side of the edge, or apply the side 
of a third one, and if all now be satisfactory, it may be said that 
they are straight, and should be prized accordingly. But even 
witn a straight-edge it is not so easy as at first sight appears, to 
draw a perfectly straight line ; for instance, in joining two dis- 
tant points together by means of a straight line, the edge of 
the rule has to be placed so as to just pass by the side of the 
two points ; the pencil or pen must then be carried from point 
to point, close along the straight-edge during the whole of its 
transit, for if it leave the side here and there, then the line is 
not straight, and even the incUnation of the pencil or pen will 
do this ; you must therefore be careful to hold the pencil per- 
fectly steady the whole way ; having drawn the line, you may 
test it by turning the straight-edge end for end. 

Chain scales are made of ivory or boxwood, usually six or 
twelve inches long. The principal divisions are so many to the 
inch, according to the scale adopted, and are numbered both 
ways along the side of the scale ; these are subdivided into parts 
of ten links each, which in plotting are subdivided by the eye ; 
when, therefore, one of these is laid along a chain line on paper, 
the chainage or the different measurements are easily pricked 
off with a needle-point ; these distances being marked along 
the chain line as they occur, the intersections of fences are laid 
down, and the o&ets plotted right and left at right angles, by 
ineans of short two-inch scales, which are called offset scales. 
An examination of a chain scale bought at a maker's, will easily 
explain this ; a beginner had better begin plotting his work to 
a large scale, that is, two or three chains to one inch, and always 
remember that the smaller the scale the more carefidly it should 
be plotted, as in this case, apparently a very small error would 
be a considerable^distance on the ground. 

In a scale of 3 chains to the i&cb| every inch will be divided 
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into three equal parts, each representing one chain^ and on a 
scale 12 inches long, there will be 36 chain divisions; now each 
of these being subdivided into ten, the same as a chain, it 
follows that each subdivision is equal to 10 links; in a 4 chain 
scale the inch is divided into four, and again each division into 
10, and such a scale a foot long will contain 48 chains, and so 
on with a 5, 6, or a 10 chain scale. Suppose, now, that from 
such a scale you have to mark off the following distances in 
chains, 600, 740, 1257; lay your scale along the pencil line 
with at the beginning ; with a needle-point prick off 600 at 
the 6th main division marked 6 ; for 740, it will be 4 sub- 
divisions beyond the main division marked 7, four subdivisions 
being equal to 40 links ; for 1267, it will be, first 12 main divi- 
sions and 5 subdivisions, plus 7 links, being a little less than a 
third short of the sixth subdivisioa In the same manner these 
measurements may be taken off with a pair of compasses having 
the pencil leg at one end, and arcs of circles described from one 
end and the other of a chain line already laid down ; lines 
drawn from the end of this line to the intersection will give two 
more chain linea 



22 



CHAPTER II. 

Chain Surveyi/ng, — THanguiaiion, — Systems to be pursued 
v/nder va/rying circuTnstances. — Setting out Base Lines. — 
Poles and Rangvng Rods. — Difficulties to be overcome^ — 
PerarrJbvlatmg theBounda/i^ies. — General Bearings of Bases 
of Operation and CondUvms that will alter Systems of 
TrianguUxtioTk-^uggestions as to the Study of Land 
Surveyi/ng. 

Chain surveying, that is, with the chain only, is that to which 
the beginner should at first confine himself. When with this he 
can correctly and easily make a survey of a hundred acres or so, 
and produce a correct plan of his work, when he no longer 
finds any difficulty in chaining correctly, in reading the chainage, 
keeping his field-book, taking the olBfeets (however numerous), 
laying down the chain lines and offsets, then it will be time to 
apply himself to the use of instruments and extensive surveys 
In this system of surveying we are obliged to divide the survey 
into a series of triangles, and again dividing and subdividing 
these triangles until the work is filled in ; as our only means of 
laying down the chain lines is with three given lines to form a 
triangla Some of our best plans have been produced from 
field-work done with the chain only, and yet circumstances 
occasionally occur when it is difficult on extensive surveys to 
produce satisfactory work by this means alone. In the course 
of this chapter we shall have occasion to point some of these out 
Whether the lands to be surveyed consist of one field only, or 
of half-a-dozen, or of one or two thousand acres, the system to be 
followed out is the same ; the area must be divided into or 
inclosed by triangles, or both ; the angles as subtended by the 
sides must be checked by tie-lines, and all the lines must be laid 
out to the greatest advantage, so as to secure as few stations as 
possible ; triangles as nearly equilateral as may be, and consis- 
tently with these two conditions, the offsets as short as possible, 
practically speaking. It is, however, but seldom we can secure 
equilateral triangles, and we must be content with having as few 
Very acute or very obtuse angles as we can manage according as 
the work lays. In Fig. I, the exterior boundaries might be the 
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enclosures of one field only, instead of a few fields, or they might 
include a considerable estate. We should still have the same 
process to go through, or the same system to adopt, for one field 
as for the two latter cases, only that we should have fewer inte- 
rior lines for taking the ofi^ts to the fences, or filling in. With 
any three given lines a triangle may be described, and therefore 
any triande B D C might be laid down, though neither of the 
lines DB, BC, CD, had been correctly measured. The only check 
upon this would be to measure a Ue-line, from either of the angles 
to the subtending side ; but if the straight line, C D, be produced 
and measured on to E, then the measurement of E F will also be 
a check ; for if D C or BC be not correctly laid down, EF will not 
measure on the plan as it is actually on the ground. Also in 
the triangle A Q H, the accuracy of the three sides will be tested 
by the tie-line Q I, as also by the line J K L, which at E and L, 
stations fixed on the lines C A and Q H, must measure on the plan 
the given length KL on 'the ground betweenthem, and J£L 
must be in one straight line on the plot as on the ground. To 
save time, the surveyor has to lay out these check or tie-lines 430 
as to be able to take up offsets at the same time that he checks 
the chamage of his triangles ; and to do this practice and care 
are required. 

It is not possible to give the reader instructions as to the dif- 
ferent systems of triangulation he may have to adopt according 
to the outline forms of the districts he may have to survey, as 
he may never perhaps meet two alike. The five figures, 2, 3, 4, 5, 
and 6, will enable him to form some idea of the different forms 
that may arise, but in all of which the same principle is carried 
out. In the first figure, A B, is a tie-line ; so is D E, being C D 
produced, which also checks the measurement of C F. In the 
second figure it will be seen that A B being produced to C, the 
whole connexion of the chain lines is checked oy the intersection 
at D, and by C D and EF. In the third figure we have the base 
A B, and first the triangle A C D, which is checked by the pro- 
longation of D C to E and the measurement of E A The small 
triangle B F H being thrown up, it is checked by the measurement 
of F D, and FB being produced to O, by the measurement of OK 
An infinity of such examples might be given, but after a little 
consideration the reader can lay them down for himself. The 
subject is deserving of study as one of importance to the engi- 
neer and surveyor, for by the production of lines, and by visual 
as well as by measured intersections, maps may not only be 
checked, but the position of distant and inaccessible objects may 
be often laid down on paper with such accuracy as to form a 
very correct map. 
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Although ia the above figures we have by the dotted lines 
laid down a system of triaiigulation suitable to each under cer- 
tain conditions, it is to be understood that it is perfectly possible 
that, in consequence of other considerations, the triangulations 
might have to be laid out in a totally different manner ; for 
instance, it would be by no means desirable that the intersec- 
tions D or Q should fall in the midst of a wood or village ; again, 
a range of hills might so run across that it would be extremely 
difficult and inadvisable to sight the bases by the eye alone, as 
we are now working, from low to high ground, and down to low 
ground again, unless there happened to intervene a considerable 
space of table-land, so as to be able to make sure of the direction 
of the line along the high ground. If this were not the case, we 
should have to lay down a different system of triangles, and 
probably make one base run along the range of hills, and work 
right and left of it It is only necessary to mention all these 
possible and continually arising contingencies to an intelligent 
mind to show the neceasity of a general study of a locality, and 
the consequent advantages and disadvantages of assuming one 
series of triangles instead of another. 

We must now say a few words as to the means of sighting a 
long line, for unless this be carefully done, it is better to make 
the survey in smaller triangles one after another, a method, how- 
ever, not to be advocated. 

The poles or ranging rods used on surveys should be about 
about eight or nine feet long, perfectly straight,* and cut from 
well seasoned stuff; about one inch and a half in diameter at 
bottom, and tapering at top; shod with iron tipped with 
steel ; instead of making them round, they are better with 
the corners merely chamfered off, as this gives a better hold, and 
they should be painted white ; fastened to the top should be 
a small flag. Not less than a dozen or two of these are 
required on an extensive survey to be carried out on a broad 
system of triangulation. 

With regard to the station poles to be fixed at the ends of the 
base lines, they will require to be often as much as thirty to forty 
feet in length ; they should be clean, straight, natural spars, of 
which a more detailed description will be found under the head 
of " Station Poles,'" in the chapter on Surveying by Instrumental 
Observation. 

Two of these poles being temporarily set up at the proposed 
ends of a base — ^that is a line crossing a district from end to end, 
or running by one whole side of it — ^it is sometimes possible to 

♦ When you find one of your ranging rods warped, break it to prevent your 
men from using it. 
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select two stations on rising ground^ half or three-quarters of 
a mile apart^ from each of which the main station poles at each 
end of the proposed base are visible, though both of them cannot 
be seen from either of the intermediate spots selected ; in such 
a case a surveyor and his assistant may, by waving their flags 
right and left, bring themselves on the line proposed. In such 
a case, the two main poles may at onc.e be firmly and perma- 
nently fixed, as also the two intermediate ones last found ; the 
same operation may now be repeated so as to find intermediate 
stations to chain upon, when the base is laid out, and the 
greatest care should be taken that the poles, are fixed perfectly 
upright. It is not always, however, that such favourable circum- 
stances occur, and it is often necessary to find roughly at first 
where the intermediate poles must come ; when the approxima< 
tion has thus been made, then the situations of the poles may 
afterwards be accurately fixed. 

Sometimes it happens that you are obliged to lay out your 
line from one point or main station pole only, and to guess, as it 
'were, as well as you can from a general map, from some old plan, 
or only from observation, where a line will take you ; if on reach- 
ing the other end of the district to be surveyed, you come to 
such a point that you can from it lay out your other lines, the 
thing is settled, and you have only to re-examine your work to 
see that the line be perfectly straight, or to make it so. But, on 
the other hand, if you are too wide of the mark sought, you 
have nothing left but to begin over again. This is one of the 
most tedious operatious you have to perform on an extensive 
survey to be enclosed in as few triangles as possible, and induces 
many surveyors to give up the system, which, however, is cer- 
tainly the most minutely correct as to the whole of the survey, 
as well as the details. Without any instruments, such as a com- 
pass or theodolite, much time is unavoidably lost in carrying out 
this principle in all its integrity, when the survey is very large, 
say three or four thousand acres ; but on lesser occasions, say 
one half of this, it may genemlly be done even with the chain 
alone, without meeting with such obstructions as to induce one 
to lay the system aside. Where, however, you have to deal with 
a country where there is much wood, you will have to give it up, 
as, practically speakine, the obstructions are insurmoimtable. 
In calm weather you will often receive assistance at first starting 
the sighting of a line by tying two poles strongly together, but 
care must be taken that they are firmly fioced upHglU in the 
ground ; I have often tied them in a hedge fast to some stout 
stem ; to make sure they are perfectly upright, try the plumb 
line upon them in two or three directions, for if a pole leans in 
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sighting a line you would be much better without it^ as it is sure 
to make your work of no avail 

It may very truly be said that these observations are very 
tedious, and that to many they are unneyoessaiy ; but it 
must be remembered, that we are not writing for the ex- 
perienced, but the student ; strange as it may appear, it is on 
the carrying out of these details that the correctness of a survey 
often depends. Most generally speaking, unless some good gene- 
ral map or an old survey be at hand to guide us, we shall have, 
in order to fix our main stations, to walk twice, or perhaps three 
times, round the district to be surveyed ; this will a good deal 
depend on the use we make of our eyes during such perambula- 
tion. Let us suppose, for instance, that we are starting from A, 
Fig. 6 ; the first thing to be done is to look in the direction of B, 
C, and E, if we can form any idea of their whereabouts on the 
ground, and we shall generally be assisted in this by making 
inquiries of some local men accompanying us as to whether such 
and such objects as may happen to be in sight are within the dis- 
trict to be surveyed, such as a house, a church, a mill, a clump of 
trees, &a ; then supposing vision is unobstructed before us, see 
how lines would lay from A ; perhaps, however, on account of 
high ground in every way before us, we can see hardly anything ; 
in this case we must b# content with marking any object that 
may happen to lay about this comer of our survey ; then walk on 
towards E or B, as circumstances may advise. On reaching 
another marked angle of the survey as E or B, we must endeavour 
to descry any of the objects we have just noticed about A, though 
even two or three chains off from A ; and look out for what we 
may see or guess at round about and B ; walk on to C and B, 
making similar observations, and if we judge it advisable, back to 
A. Should A, however, lay completely in a hole, it will probably 
not be of much use, unless to set up a temporaiy pole there, and 
this we should not probably do unless our walk along the bound- 
aries between A and E, and between A and B, led us to form 
some rough idea of the position of the main station thereabout& 
Perhaps, however, by walking in the direction, as far as we can 
guess, of B A or E A produced, we may be able to get a better 
view, when we should at once do so. 

After this first walk we may suppose we have formed some 
rough idea of the triangles to be laid out, though perhaps we 
may not know within half-a-dozen chains whereabouts either 
A, B, C, D, or E will lay. Still, if we have kept our eyes open, 
and endeavoured by observation and inquiry to form some idea 
of the position of the main angles of our district, we shall be 
much better off than when we first started. Now that we have 
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ascertained some of the main features of our district^ we shall 
probably be able to fix, at least temporarily, something like the 
position of the main stations, when we go round a second time, 
and perhaps fix them permanently, if we can obtain good views 
from either £, C, or B. Should there lie high ground any- 
where in the centre of the district) and which we perceive is 
visible from all four points, A, B, C, and E, or even two or three 
of them, then we should at once proceed to such high ground, 
after having formed some idea of the position of our main 
boundary angle& When there, with a couple of assistants and 
a man or two, we may, by moving about a little, set up rods on 
one or two lines, UDtil we form some approximation as to where 
the bases crossing the survey will lay. This may assist us a good 
deal if we have previously taken care to mark objects at about 
A, B, C, and E, or even if we have only left a pole at any of 
these points with a dag on it Qenerally, on an extensive survey, 
a pocket telescope lA required for this work. The writer has a 
small double one of EUiott's, which has often mainly assisted 
him in laying down base lines. If, however, it should so happen 
that such difficulties or obstructions lay in the way, that we 
cannot lay out two such triangles as A B E, and A C B, we may 
perhaps get one of them, and then, from whichever base happens 
to cross the survey, we may throw up a couple of triangles over 
the remaining portion ; and if we cannot do this, we must adopt 
another system of triangulation altogether. Therefore it is desir. 
able to keep our eyes open all the way as we first perambulate 
the district, for although we may not then be able to fix upon 
points for main stations, we ought to be able to decide pretty 
nearly what ^stem of triangulation we shall have to adopt. 
Generally speaking, it is not wise to be in too great a hurry to 
commence chaining on such a survey, nor indeed in any case, 
because we are then liable to lay down lines on which no of&ets 
are to be taken, when, by shifting the line a little at one end or 
the other, or perhaps at both ends, we may get a line with a 
good deal of offsetting upon it, thereby saving the necessity for 
filling in lines, to say nothing of the general rule in surveying 
to avoid a multiplicity of lines, because the greater the number 
of lines the greater the chances of error. At the same time 
the value of a base is not to be endangered for the sake of a 
few offsets, and sometimes a little shifting will make angles more 
acute or obtuse than desirable, more particularly when they are 
to be fixed by intersection of arcs only. 

Should the surveyor happen to be provided with a compass, 
the prismatic compass, for instance, he will find it of considerable 
assistance in the sighting out his approximate bases ; supposing^ 
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for instance, that on first starting from A, he proposes a line, 
A E, bearing 1 5** east of north, and that he has marked some 
object in the distance having that bearing ; but having walked 
in that direction for some distance, perhaps half a mile, he sees 
before him something which makes it desirable to alter this 
course ; keeping the back point A in mind, let him move right 
or left to get a new line to accommodate the new position of 
things before him ; say this new line bears 10'' east of north ; 
let him now turn round and see how a line 10° west of south 
will suit the ground left behind us, for 10** west of south will be 
a prolongation backwards of 10° east of north ; if he sees reason 
to approve of this new line, let him fix on some forward object 
having that bearing, and if he sees that he is likely, from the 
nature of the ground, to lose sight soon of the greater portion 
of the back part of the line, let him fix on two objects. Having 
moved further north he may have to repeat the same operation, 
and so onwards. This will not fix the position of a base line, 
but will often be of considerable service in getting an approxi- 
mation to it. 

To guard, however, the reader from falling into the erroneous 
idea that having an outline of a survey of a particidar form, 
he is at once to assume that one special and particAilar system 
of triangulation must be adopted, we have at Fig. 6 repeated a 
similar outline to that at Fig. 5, with this difference, that there 
is a long narrow ridge of high ground running east and west, 
about the centre of the district ; this may at once render neces- 
sary a system of triangulation entirely different from the former 
one. 

On the first inspection of the ground we see both difficulties 
and facilities in sighting two bases through this district, over the 
high ridge A B ; moreover, we perceive that from this high 
ground we get a command of the whole of our district, and that 
along this ridge we can lay down a base from which we can 
throw up triangles north and south, and also that we can lay 
out our lines to such advantage as to get a good deal of off- 
setting upon them. All this is sufficient to determine us on 
assuming the line A B as the principal base. The points A and 
B are not to be fixed of necessity exactly where they are, and 
on settling their position it will be our business to determine 
them so that along A C and B D we may be able to pick up 
offsets in the filling in ; the position of C and D must be settled 
with the same view, keeping, however, in mind, the superior 
consideration of laying out C D, if possible, so as to produce it 
both ways to E and F, so as to make it a good and fixed line 
for tying others into, as H E and G F, thereby including the 
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south side of our survey by as few lines as possible, and making 
the lines on the east side check those on the west ; to settle 
finally, therefore, on the points E and F, may take a little 
time, but the firm tying up of this half of our survey makes 
it worth while. Whilst laying out this line we must not neglect 
to look out as to the best position of C and D, with regard to 
the whereabouts of A and B, so as to get on A C and B D the 
best intersection of fences, and as much offsetting as may be ; 
the points H and O, as regards this south side of our work, are 
to be fixed with due consideration to the same purposes, though 
as to G it is of greater importance to fix this point, if possible, 
so as to make F G I one straight line, as the direction of 
G I will then be a settled matter, and when we come to 
describe the triangle H I G with the beam compasses, and the 
line G I is drawn, it must make one straight line with G F, 
thereby holding a check on this triangle, independent of the in> 
tersection at K, and the tie line J I, which unites the summits 
of the triangles H G L and H I G ; if all this comes upon paper 
as measured on the ground, our triangulation is safe, and we 
may proceed to fill in by laying down lines from one side of our 
triangles to another, or by throwing up interior triangles and tie 
linea 

We believe that we have now given all the information pos- 
sible upon this description of surveying, and we shall only have 
to add presently a few words about " chain anglea'' For the 
reader to be able fully to understand and apply what we have 
above said upon the triangulation and chain surveying of an ex- 
tensive distnct, it will be necessary that he should have pre- 
viously obtained a little practice as to chaining, offsetting, the 
field-book, and other elementary steps; and we have been 
writing on the supposition that he has followed advice already 
given as to obtaining a little practice with the chain, at first 
merely chaining a Ime, and taking offsets to adjacent objects 
two or three times over, and having accomplished this satis- 
factorily, then applying himself to the survey of 200 or 300 
acres of land ; if this has been done, it is hoped that what has 
been said above will not be without advantage. 

We would also advise the young surveyor who is practising 
merely for the sake of study and improving himself, imme- 
diately he can, with tolerable ease and comfort, manage 200 or 
300 acres, no longer to be satisfied with such limited practice, 
hut to set about much larger areas, even if it be only as to the 
outlines and principal features ; this will bring him "more speedily 
than anything else into such practical experience as will most 
readily make him soonest useful; an extensive common, for 
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instance^ with the circumscribing and intersecting roads, with 
houses and gardens by the way-side, pools, ponds, streams, &c. ; 
if, instead of doing this, he devotes himself entirely to the practice 
of a few fields here and there, or a short length of road or two, 
with a few houses, he will acquire the practice of chaining and 
offsetting, and throwing up a few little triangles, but he will not 
acquire the habit of that large and comprehensive triangulation 
required in almost all such surveys as enter into engineering 
field*work in practice ; and when he comes to the reality of this 
in the actual experience of professional life, he will feel at a 
great loss ; but if, to repeat ourselves once more, he has taught 
himself to chain a long line, to read his chain as he proceeds, to 
keep his field-book, to take and enter his offsets, and sketch 
adjacent objects as he goes along ; if he has learnt to do this 
correctly, and then, as we have said before, applies himself to 
surveys first of two or three fields, and gradually extends his work 
until he can manage two or three hundred acres, he will be 
perfectly able to try his hand upon two or three large tracts of 
land — say a couple of miles long, and half as broad ; if he has 
also by this time acquired the habit of keeping his field-book, as 
shown in a former place, in such manner that there is no diffi- 
culty in reading and understanding, and therefore in plotting 
from it, he will be fit for something in engineering field-work, as 
far as land-surveying is concerned. But to imagine that, having 
acquired the habit of measuring two or three fields, and a road 
or two, he can make himself useful in actual work, is to be led 
into a delusion from which he may be very unpleasantly aroused 
— a delusion which can only be fostered by those who are 
amusing themselves at his expense, and one from which he will 
find a bitter awaking when he finds that he is not even fit to be 
a chainman in actual work ; if, on the other hand, he has 
acquired the practice by himself of working on large areas in one 
place, he can do it in another. The only grounds on which we 
would recommend the student surveyor every now and then to 
undertake small surveys would be, having the intention of 
plotting to a very large scale, say 30 or 40 feet to one inch, and 
then there should be plenty of offsetting and buildings, &a, all 
the minutiae of which should be shown, such as gateways, steps, 
pavements, drain gratings, &c., in short, everything actually on 
the ground, and aU of which must be shown on the plan. Such 
surveys demand great care and patience^ for here an error of 
even six inches, or less, may be a serious matter. 

Surveving by chain angles is a method of fixing the position 
of the cneiia lines by triangles set off upon portions of them. 
Fig..? is an illustration of this, where it is required to set out the 
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lines A B, B C, C D, and D E, bo as to get a survey of the banks of 
the stream ; A B is produced to a, and CB to c ; the small triangles 
about B are then measured, to plot the position of C B with regard 
to A B, and the small triangle about C to fix the position of D C 
with regard to the line B C, and the same with regard to the 
small triangles about D, to fix the line D £ with regard to C D. 
It will entirely depend on the accuracy of sighting, measuring, 
and laying down of Ba and B b and a b, as also B c, B (2, and C a, 
that the correctness of the angle ABC depends ; and therefore 
the position of BC asto AB; as regards that of CD with regard 
to B C, matters are still more critical, depending entirely on the 
little triangle gCf, whereas there is a check, such as it is, by the 
measurement of cd sls against a by and of a c as regards them 
both ; but whenever the lines to be fixed are much longer than 
the sides containing the chain angles, there is no dependence to 
be placed on such work. In the surveys of long narrow slips of 
land, such as those made for railways, canals, roads, &c., this 
naethod by chain angles is often adopted ; but then, when pro- 
perly done, it amounts to a well-laid system of triangulation on 
a small scale, because the sides of the chain angles bear some 
considerable proportion of length, and because be&ides it is so 
contrived that other important lines shall fully check the chain 
angles. The subject is merely mentioned here, as relating to 
chain-surveying, to guard the student against adopting without 
due caution a system that may lead to very erroneous results ; 
on short lines, which do not exceed three or four times the 
lengths of the sides about the chain angles, it may do well 
enough, but nothing more. 

We may conclude this portion of our subject by reminding the 
reader of the following rules in laying out the chain lines of a 
survey, which is one of the most important parts of the business, 
for once that he can chain and book correctly, this is always the 
same, whilst the setting out constantly variea 

Carefully explore your boundaries as the first stej) of all, and 
as you do this look behind you as well as before ; it is not neces- 
sary to abide exactly by the boundary side, but rather to take 
advantage of every adjacent acclivity that commands the ground 
forward as well as in the rear, as also towards the interior of the 
proposed survey ; do not be anxious to commence operations 
until you have made yourself master of the leading features of 
the ground so as to have a rough map of it in the mind's eye. 

If possible select your bases so that they shall lay across your 
survey in the longest directions and command at the same time 
a good view here and there of your district, more particularly at 
the extremities of these main lines^ so that you may be able 
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not only to see from them, but to them ; it is not of the slightest 
importance that they be exactly on the boundaries of your 
survey, or exactly in the centra 

Co not let the angles of your triangles be too acute or obtuse 
if you can help it ; be very careful in sighting your lines and 
fixing your principal poles, and mark most carefully the inter- 
sections of the base lines. 

In chainiug these lines leave sufficient marks so that you 
may be always able to find their directions when required, and 
look out carefully for intermediate stations for your secondary 
triangles, which are only second in importance to your main 
ones ; select them so that you may cham as many lines to or 
from them as possible, never losing a chance of producing 
lines when it may be convenient instead of throwing up the 
sides of fresh triangles. 

Never omit tie-lines ; if it does so happen that there are no 
'o£&ets they are soon run. 
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CHAPTER III. 

Inatrumenta for Laying Down and Plotting Chain Sui'veys. — 
OorUraction of paper. — Precautions to be taken in conse^ 
quence. — Bea/m Compasses. 

Besides a pencil and a pair of full-sized compasses, there are 
required for laying down and plotting a chain survey a straight- 
edge, a scale, a beam compass for long lines, and a needle-point. 
With the use of the compasses we suppose every one acquainted, 
and we can only add here that in describing with these the 
sides of triangles by means of arcs, it is always desirable to lay 
down the longest side of the triangle first, ana from the ends of 
this side describe your arcs ; and that the legs of the compasses 
must be kept as upright as possible : with long chain lines wo 
must resort to the use of a beam compass, which will be presently 
described. 

In a former place we have already said something of scales ; 
Fig. 8 shows a short chain scale divided to two chains to one 
inch I it will be observed that it is numbered from to 12 
both ways for convenience of reading ; each main division, as 1, 
2, 3, is, in fact, a miniature scale of a chain, and each sub- 
division counts for ten links. In first laying down your scale by 
the side of your chain line after you have drawn it in, be careful 
to place zero at the commencement of your chain line, and 
not at the end of it Having done this, and ascertained that 
your chain line has been correctly laid off in length, with your 
field-book before you, you prick off with your needle-point* all 
the distances at which you have taken offsets, all your stations, 
and intersection of fences ; round the station marks draw a 
little half circle in pencil as you prick them off, and mark with 
a little cross line all your fence intersections ; this is of assistance 
when you come to lay off the offsets. Having thus pricked off 
all your distances on the chain Une, lay a short scale across it 
at right angles, and one after another plot your offsets as you 
find them in the book, and at about every ten or twenty chains, 

* Ivory needle-points are sold by instrument makers, but a very good one 
may be made by taking a very fine needle in a pair of pincers and driving the 
head of it into a pencil top, leaving out about tnc eighth of an inch, and then 
pointing your pencil. 

D 
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before proceeding farther, draw in your fences, &c., as you go 
along. The reader must now work this out for himself to under- 
stand it more completely. The scale shown in the illustration 
is only six inches long, which is too short for any extent of 
survey ; it should not be less than a foot in length ; for exten- 
sive work it is well to have two or three, of well-seasoned box- 
wood, about three feet in length. 

Fig. 9 is an illustration of a chain scale, with ofi&et attached, 
but not very generally used. The scale A B has a dovetailed 
longitudinal groove nearly from end to end, in which slides an 
accurately fitting sliding piece, to which, by means of a screw, is 
fixed the ofi&et scale C ; it is used in such a manner that zero 
moves along the chain line, whilst the scale A B is parallel to it, 
and its zero exactly opposite and at right angles to the begin- 
ning of the chain line ; the offsets are thus pricked off right and 
left as the offset scale is made to slide along the chain scale 
according to the chainage in the field-book. The scale AB^ 
when adjusted to its position, is fixed by weights. 

A scale of 4 chains to 1 inch is a very good and useful scale 
for taking out quantities by, and is one very generally employed 
for general working plans ; by some engineers a preference is 
given to 3 chains to the inch. These two scales are those 
adopted for Tithe maps of parishes. 

For parliamentary, as railway and canal work, a scale of 6 chains 
to 1 inch has now been in general use for some years past ; it is 
the smallest admitted without enlargements of buildings. See 
Standing Ordera A few years ago the scale more generally 
adopted was one of 5 chains to 1 inch. Where for parUamentary 
work we come through town lands and numerous buildings, a 
scale of 6 chains is rather small ; for this purpose a scale of 4 
chains to 1 inch is becoming more generally in use. 

For working plans among town lands a scale of SO or 40 feet 
to 1 inch is very commonly adopted. 

There are a great number of other scales mentioned in works 
on this subject, and sold by makers of mathematical instruments ; 
but they are very rarely used in professional practice, and they 
are therefore not described in these pagea 

The scales required are 3, 4, 5, 6, 8, and 1 main divisions to 
1 inch, the two latter being generally used for the vertical 
heights in sectiona The three first may be had in box-wood, but 
the three latter must be in ivory on account of the small size of 
the subdivisions. 

For general maps the scales most usual are 1, 4, and 6 inches 
to 1 mile. The survey of London and environs has been pub- 
lished to a scale of 1 foot to 1 mile 
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Before we entirely dismiss the subject of scales, we must say a 
few words as to the expansion and contraction that paper is 
liable to as the atmosphere happens to be damp or dry. Where 
there is a really extensive survey of great breadth as well as 
length, this often occasions considerable trouble ; we have expe- 
rienced this more particularly by the sea-side ; after laying down 
a long chain line on a fine dry day, and the scale is laid by the 
side of it on a damp one, it will be found that it measures too 
long, and vice versa ; the longer, and generally therefore the 
more important the line, the greater the error ; the only way to get 
over this inconvenience is to lay down two scales of inches divided 
into tens of chains on your paper by tlie sides of your work ; the 
one horizontally, and the other vertically ; these scales expand 
and contriact equally with the rest of the paper according to the 
hygrometrical state of the atmosphere, and you can apply your 
beam compasses to them when you want long distances ] for the 
short lengths the matter is of less importance. 

The construction of the beam compass is illustrated at Fig. 
10, where A is a long beam, sometimes 5 or 6 feet and more, 
made of box-wood or well-seasoned mahogany, and mskj be 
divided into feet, and inches, and tenths of inches. B and C are 
two sliding pieces of brass encompassing the beam, on which 
they are tiglitened by the clamp screws E and D ; to each of 
them is attached a point, as G and H. When any distance is to 
be set off with this instrunient, the screw E is released, and its 
sliding piece moved along the beam until the required distance 
is compassed between the points O and H, when E is clam|>edy 
and any slight deviation from the exact measurement requured 
is corrected by the slow motion screw F at one end of the 
beam where B is sdways situate. As we have not as yet had an 
opportunity of mentioning the slow motion screw, we may here 
observe that it is so constructed to give a slight motion to the 
piece B when the screw D is clamped.* In this state the instru* 
ment is fit for use to lay off distances by having one point fixed 
where required whilst the other is steadily swept round to 
describe an arc in the same manner .that an ordinary pair of 
compasses is used ; it is scarcely necessary to add that there is 
the necessary arrangement for a pencil point. 

We have now explained the use of instruments for plotting a 
chain survey as far, we believe, as it is possible to do so ; prac* 
tice must accomplish the rest. 

* The beam itself is sometimes divided as a scale, but this is rarely tmst- 
worthjr ; it is much safer to take off the distance from a long scale ; or from 
that laid down on the paper, as shown above. 

d2 
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CHAPTER IV. 

Oeometrical Memoranda. — Paper Protracto7\ — Itiacceasible 
Distances. — Corajyutation of Areas. — THungles^ Tra- 
peziums, and Reduction of Figures. 

A straight line lays evenly between its extreme points, as A B, 
Fig. 11 ; if we wish to draw as traight line on paper from one point 
to another, we lay a straight-edge close by the side of these, so 
that the point of a pencil may be carried from one to the other, 
and during the whole transit be in close contact with the straight- 
edge. To do this on the ground, provided the points be not too far 
apart, we strain a line or a chain from point to point, and to lay 
down works, a pick traces the line by the side of the cord instead 
of a pencil But if the points be too far apart for the cord to 
reach from one to the other, we must find intermediate points 
on the line suflSciently near to each other for the line to reach 
irom each to each. To find these points set up ranging rods, so 
that standing a short distance from one or the other of the ex- 
treme points, one rod will 'cover the whole of those set up ; the 
intermediate points are thus found ; in doing this great care is 
required that the poles be all perfectly upright, which in very 
many cases can only be tested by the plumb line. By the same 
method a straight line may be produced, but here even greater 
caution is required as the length of the line is increased, for if 
there be a bend two lines containing an angle will have been laid 
out instead of a straight line. 

Straight lines must either be so disposed with regard to each 
other as to be equidistant from each other throughout their lengths, 
when they are called parallels, or they must lie in such position 
that they meet and form an angle, or would do so if sufficiently 
produced. See Fig. 12. 

When tioo straight lines meet each other, as in Fig. 13, they 
must do so either in such manner that the one of them does not 
lean to the other more on one side than on the other, as C D or 
A B, and C D is then perpendicular or at right angles to A B, 
and the angles are equal, and the numerical measure of each 
angle is 90^ or half 180^ or a fourth of 360° ; or if the adja- 
cent angles be not equal, then the one line E D meeting the 
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other leans more on one side than on the other, and the angles 
are unequal, and the one measures more than 90*^, and the 
other less ; E D is then said to be oblique or askew to A B. 

And any number of lines may meet a given line at a given 
point, and on the same side of the given line, but the angles 
contained by the given line and the concurrent lines will l)e 
equal to 180°, as in the last figure, where the angles A D F, F D C, 
C D E, and E D B, are all made up of, dud equal to the two right 
angles ADC and C D B = 180°. One straight line, therefore, 
meeting another straight line makes the adjacent angles equal to 
two right angles.* 

An angle less than a right angle, as C D E or EBB, is an 
acute angle, and an angle greater than a right angle, as F D B, 
which is made up of the right angle C D B plus F D C, is 
obtuse. Also what any angle wants of 90° is called its comple- 
ment : thus C D E is the complement of E D B ; and what an 
angle wants of 180° is called its aupptenient ; thus A D F is the 
supplement of F D B, or F D B is the supplement of A D F. 
Therefore the adjacent angles formed by one straight line meet- 
ing another are the supplements each to each. 

The above circumstance is often of considerable use in survey- 
ing, as we will endeavour to explain, having still recourse to the 
same Figure. Let A D B be supposed a straight base of any 
length, and let A D be supposed to have been run over a range 
of hills and through broken ground, such as insures difficulty in 
tracing a straight line along the ground. It is very possible that 
the line may have become distorted before reaching D, which is 
supposed to be in a hollow, from which the greater part of the 
line A D is invisible, but I) B visible ; now the position of the 
latter enables us to check the former, for the angles F D B + 
FDA will together equal 180° if AD be straight. Again, 
suppose the position of A D to have been lost on the ground, and 
in the coui'se of the survey wanted again, then the angle F D B 
being known, its supplement, or what it wants of 180°, enables us 
to set out D A with correctness. 

Any number of angles forxaed by straight lines intersect- 
ing each other at one point are together equal to four right 
angles or 360°. Produce F D to G ; then A D G and G D B 
together are equal to two right angles in the same manner as 
A D F, and F D B. 

When two straight lines intersect each other, the opposite 
angles are equal to each other. In Fig. 13 let A B and DF 

* In mentioning an angle by three given letters, as A D C, the letter at the 
angle is always the middle one, and when there is no likeliliood of confusioD, 
an angle is often named by such letter alone. 
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intersect at ; then the angle A C E is equal to the angle D C B, 
and the angle A C D is equal to the angle E C B. For A C D 
and D C B are equal to two right angles ; and D C A and ACE 
are also equal to two right angles ; from each of these equal 
quantities subtract the angle ACD; then the remainders 
ACE and D C B will also be equal. In the same manner it 
may be shown that A C D is equal to E C B. 

The circle is a plane surface circumscribed by a curved line, 
called drcumferencey any number of points on which are all at 
an equal distance from the point C called centre^ Fig. 14 ; and 
this distance is called the radius ; in the circle, therefore, any 
number of radii are all equal to each other. 

The circle is divided into 360°; each degree into sixty 
minutes marked thus ', and each minute is subdivided into 
seconds marked thus ". 

A chord is any line drawn from any one point to any other 
point on the circumference, as A B, or B D or E A, and the 
greatest of chords is that which passes through the centre of the 
circle and is known as the diameter, which dindes the circle in 
two equal parts, equal therefore each to 380° The diameters of a 
circle can only intersect in the centre, as it is a condition of such 
a line to pass through it 

An arc is the portion of the circumference cut off by the 
chord. 

A segment is any portion of a circle cut off between a chord 
and that portion of the circumference which the chord intersects, 
asBDEJB, or ABaA, orADEB. 

A qiuidrant, as E B C, is the quarter of a circle and the half 
of a semicircle ; it is bounded by two halves of the two diame- 
ters intersecting each other at right angles, and by the quarter of 
the circumference cut off by them. This quarter of a circum- 
ference, which is equal to 90°, is the measure of the quadrant or 
angle E C B or B C A. An angle is thus measured by that por- 
tion of the circle intercepted between the two sides forming the 
angle, and subtending it. Thus each of the angles at C being equal 
by construction to right angles, is subtended by a fourth of the 
circle circumscribing the whole. An angle is also measured by 
the chord subtending it, as A B, which cuts off the arc B a A, so 
that an angle is measured by the chord or by the arc, either of 
which will give the same measure. 

A ta/ngent, as F D G, is a line which touches a circle, as at D ; 
a perpendicular to a tangent at the point of tangency will always 
pass through the centre of the circle if produced, as D B. An 
explanation of the trigonometrical signs will be found in another 
part of this work. 
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The jy'^otTOidor is an iDstrutnent by means of which the 
mechanical operation of laying down angles on paper is per- 
formed. A variety of these are sold by the instrument-makers, 
and will be hereafter described; but a very useful instrument 
may be easily made, and which will answer a variety of general 
purposes : this is a paper protractor, constructed in the following 
manner : — With a radius of from four to six or seven inches 
describe a circle with your compasses; through this draw a 
diameter, and being careful that the legs of your compasses have 
not moved, and commencing at one end of your diameter, run 
the legs of your compasses right round the circumference. If 
you have done all this accurately, the third intersection of the 
circumference will be at one end of your diameter, and, the sixth 
will bring you back exactly to your starting-point, and the cir- 
cumference will have been divided into arcs of 60° each. N(Jw 
take twice the natural sine of 16° and multiply it by the radius, 
which will give the chord of 30°, with which bisect each arc of 
60°, and next twice the natural sine of 10°, multiplied by the 
radius, which will give the chord of 20°, with which each arc of 
60° should be divided into three, whereby the circumference 
ydll be divided to 20°. Now, with twice the natural sigto of 
7° 80', divide the circumference to 5°. With twice the natural 
sine of 8° you may now subdivide to single degrees, and with 
twice the natural sine of 3° 45' you may divide to half degrees, 
by working from the points you have already found. Twice the 
natural sine of 3° 20', which is equal to the chord of 6° 40, will 
enable you to divide the circumference to 10', if the size or 
radius of your protractor will admit of it 

This operation, which is rather a lengthy one, demands care 
and a nicely pointed pair of dividers and a good scale ; the work 
may be checked first from one point and then from another, and 
if any trifling inaccuracy should be found, divide the error. 
Every ten degrees requires to be numbered from 0°, round to 
360°, and the principal divisional lines should be longer than the 
rest, the lines for the single degrees should be somewhat less 
than these, and less again for the divisions of each degree. 

Copies of this protractor may be obtained by pricking through 
the divisional points on a sheet of paper placed underneath. 
Should the reader be unacquainted with the use of trigonome- 
trical tables, he will find instruction on the subject further on. 

On one of the chords subtending any one of the quadrants of 
this protractor may be laid down " a line of chords,' in the fol- 
lowing manner : — Let A B, Fig. 15, be the chord to the quadrant 
or fourth part of the circle, and which is here only divided to 
every tenth degree. Set one foot of the compasses at B, and 
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describe arcs through the divisions on the arc on to the chord 
A B, which will then be a line of chords, by which any angle 
may be measured by making the two sides conta,ining the angle 
equal to each other and equal to the radius of our protractor, 
and carrying the length of the third side in a pair of compasses 
on to the line of chords, which will give the measure of the angle 
required. 

Problem 1. 
From a given point on a given line to set of a perpendicular. 

Let AB, Fig. 16, be the given line, and C the given point. 
From C, and on each side of it, set oflf equal distances as at D 
and F, and from these points as centres, and with the same 
radius, describe two arcs intersecting at G ; then a line from G 
to C will be the perpendicular required. Draw the lines G D and 
G F, which are equal by construction ; G is therefore equidistant 
from D and F, as will also be any other point on the perpen- 
dicular G C. When not provided with any angular instruments, 
our means of setting oflF a perpendicular on the ground are 
generally very limited ; so much so, that if such line be after- 
wards produced to any distance, it requires testing, which is 
readily afforded by the above means, since any point on the per- 
pendicular must be equidistant from two points also equidistant 
from the point on the line from which the perpendicular has 
been set off. Let H be the point to which the perpendicular has 
been produced, and let I and K be the two pointe made equi- 
distant from C ; if C H be pei'pendicular to C, then I H and 
K H will be equal. Another means of testing this is merely to 
measure off C I and C K equal to each other, and produce D G 
and F G to intersect H I and H K at L and M, when, if H C bo 
perpendicular to A B, H L will measure equal H M. 

Of sonic of tlie Properties of Rectilineal Triangles, — Any 
side of any triangle may be taken as its base ; the angle oppo- 
site to such base will then bo the summit, and a perpendicular to 
the base from the summit will be the height or altitude of the 
triangle. 

The sum of the interior angles of any triangle is equal to the 
sum of two right angles ; therefore the sum of the three internal 
angles of any triangle is equal to the sum of the three internal 
angles of any other triangle ; therefore, also, if two angles of a 
triangle are equal to two angles, each to each, of any other 
triangle, the remaining angles will be equal, and the triangles 
will be equiangular. 
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The exterior anele of any triangle is the angle contained 
between any one side and either of the adjacent sides produced^ 
and the adjacent angle of the exterior angle is the angle con- 
tained by the side which has been produced and the side falling 
on it The exterior angle and its adjacent angle are together 
equal to two right angles, because one line falling on another 
line is equal to two right angles. 

The exterior angle of any triangle is equal to the sum of the 
two opposite angles ; for let the exterior angle be called E, and 
the adjacent angle A, and the two other angles of the triangle 
B and C ; E + A = the sum of two right angles ; and A + B + C = 
to the sum of two right angles ; if from these two equals the 
angle A, common to both^ be subtracted, the remainders will be 
equal ; since any exterior angle of a triangle is equal to the two 
interior opposite angles, therefore any such exterior angle is 
greater than either of the interior opposite angles. 

In any triangle the greater angle is subtended by the greater 
side, and the smaller angle by the smaller side, and therefore the 
greater side subtends the greater angle, and the smaller side 
subtends the smaller angle ; and the equal angles of a triangle 
are subtended by equal sides, and the equal sides subtend equal 
angles. 

In any two adjacent triangles, with equal sides containing 
unequal angles, the greater angle will be subtended by the 
greater side, and the lesser angle by the lesser side. 

Any two triangles having the three sides of the one equal to 
the three sides of the other, are equal, equilateral, and equi- 
angular. 

Any two triangles having each an equal angle contained by 
equal sides, are equal. 

Any two triangles having each two equal angles on equal 
bases, are equal. 

Any two triangles of equal altitude, and on equal bases, are 
equal. 

Equal triangles upon the same base, and on the same side of 
it, are between the same parallela 

If any two sides of any triangle are intersected by a line 
parallel to the third side, the intercepted segments will be pro- 
portionals ; and the one side will be to either of its segments as 
the other side is to the segment opposite to the segment of thd 
other side ; and the parallel sides will be to each other a^ the 
segments of either of the other sides are to each other ; and the 
three sides of the larger triangle will be propoitional to the 
three sides of the lesser triangle. It is to be observed that if 
the parallel to the base, instead of being drawn within the tri^ 
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angle, had been drawn without, so as to intercept the two sides 
jDioduced, the three sides of the two triangles thus formed would 
be proportionals, because they would be similar triangles having 
two opposite angles equal, and two sides parallel. 

If any angle of a triangle be divided into equal parts by a 
straight line intersecting the opposite base, then of the two sides 
containing the angle, the one side will be to its adjacent segment 
of the base as the other side is to the other segment, and the 
segments of the base shall have the same ratio which the other 
sides of the triangle have to one another. 

Any two triangles having an equal angle in each, contained by 
proportional sides, are similar to each other. 

Any two triangles having two angles of the one equal to 
two angles of the other, are similar triangles, because the three 
angles of the one triangle are equal to the three angles of the 
other ; therefore two rectangular triangles, having, besides the 
two right angles, two other equal angles, are similar triangles. 

Two triangles having three sides of the one perpendicular to 
the three sides of the other are similar to each other ; the equal 
angles will be contained by the homologous sides, and any homo- 
logous side in the one triangle will be perpendicular to its homo- 
logous side in the other triangle. 

In order to study the nature of similar triangles, and the pro- 
portions of homologous sides, the equal angles should be desig- 
nated by the same letters in different characters. 

In triangles, the sides containing equal angles, being propor- 
tionals ; to divide any line into parts proportional to those of 
another line, it is only requisite to make the two lines contain 
an angle between them, and to join their other extremities by a 
third line ; then parallel to this third line draw lines through 
the points of division of the line already divided, to intersect 
that which it is required to divide. 

Of some of the Properties of the Circle. — In a circle, any 
ordinate to the diameter, that is, any perpendicular from the 
diameter to the circumference, is a mean proportional to the 
segments into which the diameter is divided by the perpen- 
dicular; let the perpendicular be O, and the segments into 
which the diameter is divided be A and B ; then 

A : : : : B ; and -j- = B ; or B : : : O : A, and -g- = A. 

In any circle let a diameter be drawn ; at right angles to it, 
and from one of its extremities let a straight line be drawn, and 
from the centre of the circle let a third line be drawn to inter- 
sect the perpendicular to the diameter ; such perpendicular will 
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be a meau proportional between the segments of the line last 
drawn, one of which is inside the circle and the other outside. 
If any straight line touch a circle, without cutting it, it shall 
be perpendicular to the radiu& 

In a circle, a perpendicular bisecting a chord and produced 
through the circle will be the diameter, and the middle of the 
diameter will be the centre of the circle. 

Equal straight lines in a circle are equally distant from 
the centre ; and those equally distant are equal to one another ; 
the greatest line is the diameter, and of all others, that 
which is nearer the centre is always greater than that more 
remote. 

The angle at the centre of a circle is double the angle at the 
circumference, upon the aa/me basBy or upon the same arc of the 
circle. 

The angles in the same segment of a circle are all equal to one 
another. 

The opposite angles of any quadrilateral inscribed in a circle 
are together equal to two right angles. 

In equal circles, equal arcs are subtended by equal chords ; 
and equal chords cut off equal arcs;. and equal angles stand 
upon equal chords, whether they be at the circumferences or at 
the centres^ and any arc is equally bisected by equal chorda 

In a circle, the angle contained by a semicircle is a right 
angle ; and an angle in a segment greater than the semicircle is 
less than a right angle ; and an angle in a segment less than a 
semicircle is greater than a right angle. 

If a straight line touch a circle, and from the point of contact 
a straight line be drawn cutting the circle, the angles which this 
line makes with the line touching the circle shall be equal to the 
angles which are in the alternate Segments of the circle. 

On a given line to describe a segment which shall contain an 
angle equal to a given angle. If the given angle is a right angle, 
the required segment will be a semicircle ; and it is only re- 
quisite to bisect the given line, and from the point of bisection to 
describe a semicircle with half the line as radius. But if the 
given angle be less or greater than a right angle at either end 
of the given line, which we will call A, make an angle equal to 
the given angle, and call the second line B; from the point 
where A and B meet, draw a line perpendicular to B, which call 
C ; bisect A, and from the point of bisection raise a perpendicular 
to intersect C ; take this point as a centre, and take for radius 
the distance on C between this centre and B, and describe a 
circle ; the circle will be divided into two segments by the line A i 
if the given angle be less than a right angle, it will be contained 
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by the greater segment^ and if less than a right angle, it will be 
contained by the lesser segment. 

From a given circle to cut off a segment which shall contain 
an angle equal to a given angle. Draw any line tangent to the 
given circle ; at the point of contact describe an angle equal to 
a given angle, making the tangent one side of it ; produce the 
other side to cut through the circle, which will thus be divided 
into two segments, the greater of which will contain the given 
angle if less than a right angle, and the lesser segment if the 
given angle is greater than a right angle. 

If two straight lines cut one another within a circle, the rect- 
angle contained by the segments of one line will be equal to the 
rectangle of the segments of the other line. 

In any circle the square of the diameter is equal to the square 
of the chords drawn from the two extremities of the diameter to 
the circumference. 

In any quadrilateral inscribed in a circle, the rectangle con- 
tained by the diagonals is equal to the rectangles contained by 
the opposite sides of the quadrilateral. 

If from any point outside of a circle two straight lines be 
drawn, one of which cuts, the circle and the other touches it, then 
the rectangle under the line which cuts the circle, and that part 
of it outside the circle, is equal to the rectangle under the line 
which touches the circle. 

Of Rectangles, 

In any right angled triangle, the square of the side subtendin^^ 
the right angle is equal to the square under the sides containing 
the right angle. 

If there be two straight lines, one of which is divided into any 
number of parts, the rectangle contained by the two lines is 
equal to the rectangles contained by the undivided line, and the 
several parts of the divided line. 

If a straight line be divided into any two parts, the rectangle 
contained by the whole and one part is equal to the rectangle 
contained by tlie two parts, together with the square of the 
aforesaid parL 

If a straight line be divided into any two parts, four times the 
rectangle contained by the whole line, and one of the parts, 
together with the square of the other part, is equal to the 
square of the straight line, which is made up of the whole line 
and that part. 

In obtuse angled triangles, if a perpendicular be drawn from 
either of the acute angles to the opposite side produced, the 
square of the side subtending the obtuse angle is greater than 
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the squares of the sides containing the obtuse angle, by twice the 
rectangle contained by the side upon which, when produced, the 
perpendicular falls, and the straight line intercepted without 
the triangle between the perpendicular and the obtuse angle. 

In every tiriangle the square of the side subtending an acute 
angle is less than the squares of the sides containing that angle 
by twice the rectangle contained by either of these sides, and 
the straight line intercepted between the acute angle and the 
perpendicular let fall upon it from the opposite angle. 

If four straight lines be proportionals, the rectangle contained 
by the extremes is equal to the rectangle contained by the 
means ; and if the rectangle contained by the extremes be equal 
to the rectangle contained by the means, the four straight lines 
are proportionals 

If three straight lines be proportionals, the rectangle contained 
by the extremes is equal to the square of the mean, and if the 
rectangle contained by the extremes be equal to the square of 
the mean, the three straight lines are proportionals. 

Problem 2. Fig. 16. 

On the ground from a given point on a given line to set off a 

peiyendicular. 

Double a long, light cord, fasten the ends at D and F, the 
middle of the cord held towards G with an equal strain on 
both ends of the line, will give the perpendicular G C ; the 
chain may be used for doing this, or in the following manner : 
make D C equal to 30 links, fix one end of the chain at C, and 
the 90 at D, and fix 40 (not 60) towards G ; G C will be the 
peipendicular required ; G D will be equal to 50, as will also 
Q F, if the work is correctly done. 

Problem 3. Fig. 17. 
To raise a perpendicular from a point near the end of a line. 

Let A B be the given line, and P the given point. From any 
convenient point C, with the distance C P, describe a circle ; 
through A and E draw A£; £P will be the perpendicular 
required. To do this on the ground, from the point P set 
off 50 feet or links at D, just as you may happen to be using 
Gunter^s chain, or a chain or tape of 100 /e€^, and 50 more to £ ; 
stick an arrow at £ and P, pass the loops of a line one 100 long 
over each of them, as £ and P, and take the middle of the line 
towards G, which fix exactly with another arrow, holding the 
line quite tight ; £ G P will be an equilateral triangle. Now set 
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up a rod exactly in line with E Q, in the direction of H, and 
make G F equal to E G ; F P will be the perpendicular required. 
If you have a line equal to two chains in length instead of only 
one, so much the better, only then the triangle E G P will be 
isosceles instead of equilateral. Also you will haye the following 
proportion :—E D : DG :: EP : PF. 

Problem 4 Fig. 1 9. 

From a given point to let fall a perpendicular to a given Ihie, 

From P as centre with any radius greater than P C, describe 
the arc D E, and from D and E, with the same radius, describe 
the arcs intersecting at R ; join P R, and P C will be the per- 
pendicular required. 

Problem 5. Fig. 20. 

On the ground, from a given point to let fall a perpendicular 

to a given line. 

Let P be the given point, and A B the given line ; from P 
towards A B lay out any two lines, as P C and P D ; set up two 
rods at C and D, taking care that they are exactly on the line 
A B ; make P E and P F each equal to one chain, and stick a 
couple of pegs at E and F, taking care that they are exactly on 
the lines J? C and P D respectively ; measure P C, and make 
PG equal to PC; measure CG, EF, and GD, and take the 
following proportion : — 

CG : EF :: OD : FH. 

From F to H set out this fourth proportional just found, being 
careful that H is exactly on the line P D. P E being equal to 
one chain, take a line exactly equal to it, fasten one end to an 
arrow, or peg, at P, and bring the line round so thfeit it shall 
exactly intersect E H at I. This can be done by a person stand- 
ing at E sighting the one holding the end of the line at I until 
it is exactly on the line E H. Now measure E I, and bisect it 
at E ; a line produced through P K will fall on L, and be per- 
pendicular to A B. 

Problem 6. Fig. 21. 

On the ground, through a given p>oint to set out a straight 
line parallel to another straight line. 

Let P be the given point, and A B the given straight Una 
From any convenient point, C on the line A B, set out through 
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the point F the line C D, making P D one or two chains in 
length. From D set out the line D E, carefully placing E on 
the line A B ; make D F equal to P D, and D G equal to 
D C. Now measure C G and Q E, and take the same propor- 
tion as that given above, though in other letters ; that is, 

AG : PF :: GE : FH. 

Set out the length of F H thus found. P H is parallel to A B. 
If the required parallel is to be of any length, set up a rod as 
T in line with P H. If the prolongation of P H is of any con- 
siderable length the work may be tested ; produce C G to 
intersect P T at I ; measure ofiF I L and I K equal to two or 
three chains each, and measure L K. Then proceeding to C, 
make C M and C N each equal to I E and I L, and N M should 
be equal to L K. 

Or, use the following means. Let P, Fig. 22, be the given 
point through which it is required to set out a parallel to the 
straight line A B. With rods only set up the line A P ; make 
A C two or three chains in length, and set off by som'b of the 
foregoing rules the line C D perpendicular to A P, and pro- 
duce it towards G. Make F E equal to A C, set up the 
perpendicular E F, and make E F equal to D, through F 
sight P F G, which will be parallel to A B. Measure E H and 
C G, which should be equal to it. Should there be found any 
slight inaccuracy, correct it. 

Should A B, Fig. 28, be inaccessible, sight the line with rang- 
ing rods to any convenient distance, as to C, and with ranging 
rods set out G P ; measure off two or three chains along C P 
as C D, and from D set out D E perpendicular to C P, and 
measure D K Make P F equal to C D, and the perpendicular 
F G equal to D E. Through P set off G P I, which will be 
parallel to A B. Produce the perpendicular DE towards H, and 
take the following proportion, 

CD : DE :: PD : DH. 

Measure off D H accordingly, when H I will be in line with the 
points I, P, and G. 

By similar means we may often obtain the length of inac- 
cessible distances, as in the following problems ; — 

Pboblem 7. Fig. 24. 

To ascertain the length of the inacceaaible distance A B 

through a sheet of water. 

Sight A E on any convenient object^ and measure on to C, 
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where you observe you can run clear of the obstruction up to B, 
and leave a mark at C ; make C £ equal to A C, and leave a 
mark at E ; now measure B C, and make C D, being B C pro- 
duced, equal to B C. The parallel line D E will be equal to the 
inaccessible length A B. 

Now let there be another obstruction, as in Fig. 25, such that 
you cannot make C E equal to A C. Measure out C E as far as 
you can conveniently, and having measured BC, take the following 
proportion, 

AC : CE :: BO : CD. 

Then make C D equal to this fourth proportion thus found. Now 
measure D E, and take the following proportion, 

EC : AC :: ED : AB; 

which fourth proportional gives the length required. 

Again, let there be such an obstruction at C, Fig. 26, that we 
cannot proceed beyond. Produce C B to D, and make B D 
equal to B C ; now from C B cut off C F, and from C A cut off 
C E, so that F E shall not exceed one chain in length. Make 
D G equal to C F, and on G D set off the triangle D H G equal 
to the triangle C E F ; this may be done with the chain and a 
tape, making the length of one equal to C E as D H, and the 
other equal to F E as G H ; their intersection will give the 

f)oint H. Through this point produce D H to I on the main 
ine A B, when I B will be equal to A B. This may be tested 
by measuring D I, which should be equal to C A. 

It mav also happen that there is another obstruction on the 
other side of the main line, as at F, Fig. 27, so that what we 
require cannot be accomplished by the above means ; then pro- 
ceed in the following manner : — Make B F equal to C D, and in 
the same manner as before make the triangle F G B equal to the 
triangle C E D ; produce F G on to I on A B produced, when 

FB : CB : IB : BA, 

which fourth proportion, therefore, gives the length required. 

Or, at the other end of A B produce C A , and make A K 
equal to A C ; at K set off the triangle equal and similar to C D E, 
and produce K L on to M ; M A is equal to A B. 

The above are based on the 4th, 15th, 27th, and 28th proposi- 
tions of the first book, and 4th, 5th, and 6th of the sixth book of 
Euclid. 

Pboblem 8. Fig. 28. 

To bisect a given angle on the ground. 

Let A B C be the given angle ; make B D and B E equal, and 
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measure D £, and make D F equal to half D E, B F will bisect 
the angle. 

Problem 9. Fig. 29. 

To lay out on the growndy frorai a given point, an cmgle equal 

to a given inaccesaihle angle. 

Let P be the given point, and A C B the given angle. With 
rods sight A C to E, and B C to F, and from any convenient 
points, as E and F on these lines, sight E P and F P ; then, by 
the second part of Problem 6, set out the parallels P d and P e ; 
eV d will be the angle required. 



Problem 10. Fig. 30. 

To lay Old on the grouryi two lines paraUel to two given 
inaccessible Ivnes contavning any angle, and at a given 
distance from the two given lines. 

Let A B and C B be the two given lines ; with the ranging rods 
produce A B to any point D, and C B to any point E. At any 
convenient point on B E, as F, set up the perpendicular F Q, 
which make equal to the given distance, and leave a mark 
midway at c ; leave marks also at a and 6, making a F equal to 
F b ; also make G d equal to a F or F 6. At any other con- 
venient point, I on B, repeat this operation ; K Q produced will 
be parallel to B C, and at the given distance from it, and if the 
work is correct, a c, & o, and c d will all be equal to each other. 
Exactly the same operation repeated on A B produced, 1) will 
give the parallel as required to A B. 



Problem 11. Fig. 31. 

To lay down on the grov/ad an angle equal to a given angle. 

Let A B C be the given angle ; from B to C measure off any 
convenient distance as B C, and from C set up the nerpendicuk^ 
C D, intersecting B A at D, and measure C D, as also B D. To 
lay down the required angle, set off E F equal to B C, and 
perpendicular to it F Q, which make equal to C D, and lay off 
the line E G ; F E G will be equal to the angle C B A as required, 
and E G will be equal to B D. 

B 
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Probleic 12. Fig. 32. 

To bisect oil the ground a given inaccessible angle, as, for 
instance, to find the capital of a bastion. 

Let A B C be the given angle which it is required to bisect ; 
produce C B indefinitely as to D, and A B to E ; parallel to 
these, by the second part of Problem 6, set out the parallels F O 
and G O ; a line through O B will bisect the angle as required. To 
check this, make O I and O E equal, and from I and E set off 
the perpendiculars I L and E L ; their point of intersection at 
L will be in line with B. 

Amongst the many propositions of Euclid which are of the 
greatest service in engineering field-work, the four following are 
of everyday use in surveying : — 

The 13th, Book I. The angles which one straight line makes 
with another upon one side of it, are either two right angles, or 
are together equal to two right angles. 

The 14th, Book I. If at a point in a straight line, two 
other straight lines, upon the opposite sides of it, make the 
adjacent angles together equal to two right angles, these two 
straight lines shall be in one and the same straight line. 

The 15th, Book I. If two straight lines cut one another, the 
vertical or opposite angles shall be equal. 

The 17th, feook I. Any two angles of a triangle are together 
less than two right angles. 

The 18th, Book I. The greater side of every triangle is oppo- 
site to the greater angle. 

The 32nd, Book I. If a side of any triangle be produced, the 
exterior angle is equal to the two interior and opposite angles ; 
and the three interior angles of every triangle are equal to two 
right angles. 

Reference to Fig. 33 will illustrate the value of the above in 
triangular surveying. The line D C falls upon the straight line 
A B at C ; then if the angles A C D and D C B measure equal 
to two right angles, then A B is a straight line. And if the 
angle A C D measure equal to the angle E C B, then A B and 
D E are straight lines. Now where, in triangulating a district, it 
so happens that such Imes intersect on a narrow ridge of high 
ground, over which it has been difficult to sight them, and to 
make certain of the exact position of intermediate stations along 
them, this circumstance enables us, in the first place, to ascertain 
that C is the true intersection of the bases, and also to fix any 
number of points on the straight lines down in the valleys below. 
From such a point we may eSao fix the direction relative to the 
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bases of any other points, as a, 6, c, &c.^ as they may happen to 
be hereafter required. Also the measure of the angle E C A, 
being the exterior angle of a triangle, checks the measurement 
of the angles at A and D, taken together ; the same of D C B as 
to the angles at E and B. Should it so happen, however, that 
the intersection C falls in a narrow valley, then there will be no 
opportunity from such a point to fix such stations as a, 6, c, &a, 
as above mentioned ; but if the opposite angles at C prove to be 
equal, and if A C D equal to C A D, plus C D A, and ACE 
equal to A E C, plus E A C, and the same of the others, we may 
consider as sate ; so much so that if circumstances, such as 
obstructions, for instance, had hitherto prevented such a line as 
C B from being set out, so that if it were purely imaginary the 
position of A C, relative to D E, combined with the measure- 
ments of the angles as above mentioned, would enable us to sight 
out C B, and if correctly done it will fall in at the point B, and 
no other. 

Amongst the many methods for obtaining the length of inac- 
cessible distances without instruments, the following will, I think, 
be found the most useful. 



Pboblem 13. Fig. 34. 

On the li/ne ABto obUmi the vnaccesaible length CD acrosa 

a river. 

On the line A B take any point E, say two chains from C, and 
sight the line D F, making any angle, not too acute, with the 
line A B ; from C and E set up the perpendiculars C G and 
E F, to intersect D F at G and F ; and from G let fall the per- 
pendicular G H ; then, because of the similar triangles 

HF: HG::FE:ED. 
and D £ minus C £ equal to D C, the length required. 

Problem 14f. Fig 35. 

Another method of obtaining inaccessible distances. 

Let A B be the required inaccessible distanca Produce A B 
to any convenient pomt C ; set out any two lines, B D and E C, 
making F D equal to B F, and E F equal to C F ; through the 
point of intersection F, lay out the line A F G to intersect the 
line E D produced to G ; G E will be equal to C A, and C A 
minus C B equtd to B A, which was required. 

e2 
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Problem 1 5. Fig. 36. 

To find the intersection of two lines meeting in an inacces- 
sible point 

Let B A and C A be the two lines meeting at the inaccessible 
point A. From any two convenient points, as D E on B A, set 
out any two lines, D F and E Q intersecting each other on the 
line C A, as at I ; make I G equal to E I, and I F equal to 
D T. Produce F G to intersect C A, as at K ; then K L equal 
to I A, and K equal to D A. 

But whenever there is a theodolite or box-sextant at band, the 
best way of obtaining inaccessible distances is given in the two 
following problems 

Problem 16. Fig. 37. 

To find an inaccessihle distcmce on a chain Une with the box- 

seoctcmt. 

Let the chaining on the line A B be interrupted by the coming 
across a block of buildings. From the point C set out an angle 
of 60^ as B D, being careful to observe that the line C D will 
clear the obstruction. Measure on to D, from whence you can 
perceive you can return to the line A B dear of the obstruction ; 
set out again the angle of 60^ C D E, and make D E equal to 
C D, when E will be on the line &s required, and C D or D E 
will be equal to the distance required, C E. Over a sheet of 
water some point on C B would probably be visible from C, 
whereby to set out the angle of 60®, but with a block of build- 
ings or a wood this would not be the case ; we must, therefore, 
to make E C D equal to 60^, set out A C D equal to 120^ and 
with the sextant it will be better to do this by setting out the 
angle of 60"* twice, which will give the angle of 120"*. It may 
also happen, that on reaching the point E, all forward points to 
guide us are invisible ; then produce D E to F, and at F set out 
another angle of 60"", and make F G equal to E F, which will 
again place us on the base or main chain line A B^ and E G will 
beequaltoEForFG. 

Problem 17. Fig. 88. 

To fi/nd cm i/naccessible distance, as the width of a river, with 

the box-seactant. 

Let A B be the length required ; set out B C at right angles 
to A By and make B C any convenient length ; measure the 
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angle B C A, from the natural trigonometrical tables, take out 
its natural tangent and multiply it by B C, which will give the 
required length, A B ; in this way any number of inaccessible 
distances on the same line may be obtained as a, b, o, &c. In 
the latter cases a boat would be used with two persons in it, the 
boatman to guide it, and an assistant to direct him ; the assistant 
keeping himself in line by means of two points^ as B and D on 
the main line. 



COMPUTATION OF AREAS. 

In the article on " Qunter's Chain,'' it has been shown how 
the product of one side of a figure by another side is treated to 
obtain acres, roods, perches, and odd links, as also the principles 
of division of this chain ; in the following remarks, therefore, in 
order to keep the subject within limits, we shall only give one 
further example, and confine our remarks to the division and 
treatment of irregular figures mostly, to the practice of ascer- 
taining areas in the office, and at the end of this work to the 
description and use of an instrument lately introduced by Messrs. 
Elliott, and called the planimeter, by means of which the labour 
of this kind of work is very considerably reduced. 

The area of any plane figure is the measure of the space con- 
tained within its boundaries. The most simple of these is the 
square or parallelogram composed of two pairs of parallel boun- 
daries and four right angles ; and if one side of such figure be 
multiplied by one of its adjacent sides, the product will be the 
included area. 

The next most simple figure for admeasurement is the tri- 
angle, in which one side, being multiplied by half the perpen- 
dicular, let fall thereon from the opposite angle, the product will 
be the area. Half the perpendicular is used because the area of 
every triangle is equal to half a parallelogram upon the same 
base, and of equal altitude, or between the same parallels ; and 
'' if a parallelogram and a triangle be upon the same base, and 
between the same parallels, the parallelogram shall be double of 
the triangle.'* 

A trapezium is an irregular four-sided figure, of which the 
sides and angles may all be unequal ; and the area of a trapezium 
is equal to the product of the diagonal drawn from one angle to 
another, by half the perpendiculars let fall thereon from the 
other two opposite angles, by which operation the figure is divided 
into two triangles with one side common to both. 

A polygon is a figure bounded by more than four sides. In a 
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regular polygon the sides and angles are all equal/ and in an 
irregular polygon they may be aU unequal. The interior angles 
of a polygon are tc^ether equal to twice as many right angles as 
the figure has sides, less four. On this is based the theory of the tra- 
verse, of which further explanation will be given in another place. 
The area of any polygon may be ascertained by dividing the 
figure into trapezia and triangles, as in Fig. 39, where the 
polygon A B, C D . . . . G A, is so divided, and the whole area is 
equal to 

2 2 ^ 

900x160 = 135,000 
1,200 X 334 = 400,800 
1,280x250 = 320,000 



8-55800 

4 

2-23200 
40 



A. K. P. 



9-28000, or 8—2—9-28. (See Page 3.) 

The above division of a polygon into trapeziums and triangles 
is very commonly adopted in most offices ; and where the figure 
is carefully divided, and the lengths carefiiUy scaled or read ofi", 
it is very accurate. When the area to be computed consists of 
several fields, then the whole should be computed first, and then 
the fields separately. If the computation has been correctly 
made, the areas of the fields taken together will be equal to 
the area of the whole. 

A Uttle scaling, adding, and dividing may be saved in com- 
puting the trapeziums in the following manner : — With a pair of 
parallel rulers draw E a B 6, and with a scale tioice the size of 
that of your plan measure ab, with which to multiply the 
diagonal CF. The same operation may be repeated at Be 
and Qd 

To reduce a trapeziv/m to a triangle of equal a/rea. 

In Figs. 40 and 41, set the edge of the parallels on A C, and 
through B draw the parallel line d E ; join A E. The triangles 
D A E are equal to the trapeziums A C. 
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To redtice a pentagon, or five-aided fi^fure, to a triangle of 

equal a/rea. 

In Fig. 42 produce AB both ways; set the parallels on the 
points D and A, and make E G parallel to D A ; join D G ; set 
the parallels on the points D and B, and make C F parallel 
to D B ; join D F. The triangle F D G is equal to the pentagon 
ABODE. 

To redv4)e heosagons, or eiay^ided fijgv/rea^ to triaaiglea of 

equal a/rea. 

In Figs. 43 and 44 produce A B both ways ; join two sides 
containing an angle, as A F and F E, by the Une E A, and draw 
F e parallel to E A ; draw the diagonal E e. The hexagon will 
be thus reduced to an equal pentagon, the side E e being substi- 
tuted for the sides A F and E F. Now make E F parallel to 
D e, and join D/; proceed in a similar manner on the other side 
of the figure, and the triangle g D/ will be the triangle required, 
and equal to ABCDEF. 

To reduce a figure bounded by any number of sides to a 

triangle of equal area. Fig. 45. 

Let ABCDEFQHIKLA be such a figure; produce 
A B on both sides ; join the two sides K L and L A containing 
an angle, and make L a parallel to K A ; join K a, thus for the 
present substituting K a for the sides K L and L A» Now draw 
K b mrallel to I a, and join lb; lb is now substituted for I K 
and Ea; proceed thus throughout on both sides until the figure 
is reduced to the triangle jrG A, which will be the. triangle of 
equal area required. 

^ This method of computing is by far the easiest and most 
accurate ; it is not necessary to draw all the dotted lines we have 
shown to explain the process ; it is merely requisite to find the 
intersections on the line A B produced. After a veiy little prac^ 
tice with a good pair of parallel rulers any figure is veiy quickly 
reduced, and only one scaling and one computation are required^ 
We recommend the system not only from our own experience, 
but with the knowledge that one of the principal computers in 
one of the Government offices, who has passed a large portion of 
twenty years in doing such work, finds it the most accurate and 
simple, after having tried every method that has been brought out. 

As to the many " succedaneums^' so often proposed, we will 
not refer to them, as we know that they are not practised even 
by those who have advocated them. 
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It has been already observed that when the plan consists of 
more than one field, the computation of the whole should be com- 
pared with the computation of the enclosures taken separately, 
and then added together. The computing book should be kept 
in such manner that the calculations may be referred to at a 
future time. 

Where an extensive area has been triangulated, the whole 
should be first computed from the triangles, making such addi- 
tions and deductions as may be rendered necessary by certain 
portions of the area under survey being cut oflf by the sides of 
the triangles, or by other portions outside of the survey proper 
beiug included within the triangles. 

To calculate the area of a triangle by means of the lengths of 
the sides : take half tiie 8uin of the three sides added together ; 
from such half sum subtract the three sides separately ; the 
square root of the three remainders and the half multiplied con- 
secutively together, is equal to the area of the triangle; let 
A, B, and C represent the three sides of a triangle, and S the sum 
of the three siaes ; and therefore ^ S, half the sum ; the area of 
the triangle will be equal to 

V { J S X (J S-A) X (} S-B) X (i S-0). 

The fences of fields are generally more or less crooked or 
uneven, and one of the first operations, before commencing the 
computations, is to reduce them to straight lines, which is done 
by a system of " give and take ;" to eflfect this, draw a fine line 
on a very clear bit of tracing-paper, some six inches long, and 
lay this on the fence so that you can see when the line takes as 
much in on one side as it leaves out on the other ; then prick 
through at both ends, and draw in the line in pencil, which will 
equalize the fence ; or lay down the edge of iiile, guessing at the 
equalization, and draw in a pencil line ; if, when the rule is 
removed, it does not appear quite correct, rub it out, and draw 
in another, until there appears to be as much left out as taken 
in, so as to balance ; a little practice will soon make this right 



57 



CHAPTER IV. 



SURVEYING INSTRUMENTS. 



The Cross Stuff and Optical Square. — ThePrismaiic Compaas, 
— The Sextant and Box-Sextant — The Transit Theodolite. 
— The Ordinal^ Theodolite. — Colond Everest's Theodolite. 

The Cross Staff and Optical Square are used for setting out lines 
perpendicular to others, and which seldom exceed five or six chains 
in length. The cross-staff, though rather old-fashioned and cum- 
bersome, is still very commonly used for this purpose, and it is 
made two different ways. One shape consists of four sights, fixed 
at right angles upon a brass cross, which, when in use, is fixed 
to the top of a staff. To set out a perpendicular to a given line 
with this instrument, and at a given point, thrust the staff into 
the ground at this point, so that through one pair of sights you 
can see both ends of your main line by moving from one side to 
the opposite one, which will ensure your being exactly on the 
line, and your instrument in the proper position; now move 
round to the cross-sights, and in line with them stick up a pole, 
you will thus have set off your perpendicular. 

The second shape consists of a hollow brass cylinder, about 
three or four inches in diameter, and about as many in depth ; 
through this are pierced sights at right angles to each other, and 
it is adapted to a staff. This is to be used exactly in the same 
manner ils the other. 

The optical square is very superior to the above for con- 
venience, dispatch, and portability. It is a shallow, circular, 
brass box, containing two mirrors fixed at an angle of 45° to 
each other, so as to reflect a right angle or of 90.'' Fig. 46 
explains the construction and use of this little instrument. A 
and £ are two mirrors, fixed at an angle of 45" to each other ; 
E is supposed to be the place of the eye, and the line F E is per- 
pendicular to the line BE. A ray of light from the object F 
falling upon the mirror A at the above angle will be reflected at 
the same angle on to B, from whence it will be reflected at the 
same angle again to the observer's eye at £. The mirror B has 
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only the upper half of its surface silvered, so that the eye looking 
along the line £ D through an aperture in the box, sees D by 
direct vision through the lower and unsilvered portion of the 
mirror B ; and any object seen in the upper or ^vered portion 
of it, and coinciding so as it were to make one with the object D, 
is on a line perpendicular to E D at the position E of the ob- 
server. The reader will see how rapidly this instrument is used 
by standing at any point on a line, and holding it in the hand, 
looking towards an object at the end of the line, and sighting an 
assistant with a rod until it is seen to coincide with the first 
object ; a perpendicular is then set off from the point where 
the observer is standing. 

In the same manner, if a perpendicular is to be made to fall 
from a given point on to a given line, it is only necessary to walk 
along the line until you come to a point from which you see one 
end of your line and an object at the given point coinciding 
together in the mirror B, when you will be standing at the spot 
on which the perpendicular will fall. 

It is on a similar principle that the box-eextant, one of our 
most valuable surveying instruments, is constracted, to which we 
shall come presently. 

THE PRISMATIC COMPASS. 

This pocket instrument, shown at Fig. 47, is contained in a 
shallow brass box about two inches in diameter ; it is used for 
measuring horizontal angles, which it vrill do with a considerable 
degree of accuracy considering the nature and size of the instru- 
ment, and as this may be done by merelv holding the instrument 
in the hand, the work is carried on with much rapidity ; for an 
approximate survey, or for filling in where the principal lines 
and stations have been previously fixed, and for taking the 
angles on lines not exceeding fifteen or twenty chains in length, 
it is very useful, more particularly where there are not many 
angles to take before we chain into a point previously fixed ; 
for this purpose of filling in it is daily used to a very consider- 
able extent 

B is the brass box containing the compass card C, to the 
under side of which is attached a magnetic needle, turning upon 
an agate centre fixed to the bottom of the box. The compass 
card is usually divided to thirty minutes, according to the size 
of the instrument, and therefore to half a degree ;* a more minute 
division must be appreciated by the eye. The sight vane V is 
mounted upon a hinge, so that when the instrument is not in use it 
may be turned down flat on the glass. Along the opening in the 
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s^ht vane is stretdied a fine thready which is made to intersect 
the object on which the observation is taken. P is a prism 
attached to a plate sliding up and down in a socket S, so that 
it may be raised or lowered to admit of distinct view of the 
divisions on the compass card ; this also is supplied with a 
hinge joint, by which means it can be turned down into the 
box. In the plate attached to the prism is a narrow aperture, to 
which the eye of the observer is applied when making an ob- 
servation ; there is a button attached to a spring, and which on 
being slightly pressed checks the vibrations of ti^e compass card 
so as to bring it sooner to rest when an observation is being 
taken. There is a stop in the side of the box B, by touching 
which the compass is thrown off its centre when ^e instru- 
ment is not in use ; particular care should always be taken to 
do this after making observations, or the constant vibrations of 
the needle will soon wear off the delicate finish of the agate 
point and sensibly impair the value of the instrument. A brass 
cover fits on to the top of the box, so that it may be carried in 
the pocket, or packed in a leather case, which by means of a 
belt may be strapped to the side, which is much the safest plan. 
Besides the above, Messrs. Elliott make a larger instrument of 
the same description with a silver compass ring, and which is a 
superior instrument ; this as well as die above is provided, if 
desired, with a stand for the instrument to be placed upon when 
observations are being taken ; as this, however, is rather incon- 
venient to carry about in the fields, the prismatic compass when 
in use is generally held in the hand. 

On looking through the aperture above mentioned, and raising 
or lowenng the prism in its socket, distinct vision of the gradua- 
tions on the compass card is soon obtained, as they vibrate under 
the sight vane ; seen through the prism they appear as prolonga- 
tions of the thread as each successively comes into coincidence 
with it, the latter being seen by direct vision through the part 
of the aperture projecting beyond the prism. 

The following shows the method of using the instrument : 
turn up the sight vane V and the prism F on their hinges, and 
hold the instrument as nearly horizontal as possible, so that the 
needle may play freely ; raise the prism in its socket until the 
diviiSions on the compass card are distinctly seen through the 
prism. Turn the instrument round until through the portion of 
the aperture projecting beyond the prism the object to be ob- 
served is seen to coincide with the thread of the sight vane ; now 
bring the card to rest by touching the spring ; the reading at the 
graduation on the compass card which appears as a prolongation 
of the thread gives the angle made by the line on w£dch you are 
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observing with the magnetic meridian. The bearing of a second 
object from the same place being made in the same manner^ the 
difference between the two bearings gives the angle subtended by 
the two objects observed. When vision is obstructed by the 
sun, a dark glass G is interposed. 

By repeating an observation two or three times, and taking 
the mean, the bearing will be obtained more accurately, and it 
will be still more so if the bearing is again similarly taken at the 
other end of the line, and the mean taken again between the 
bearing at one end and at the other. This will also check any 
local influence on the needle. 

M is a mirror which is made to slide on or off the sight vane, 
and may if required have its face turned downwards, or it may 
be inclined at an angle by means of its joint h ; it will remain 
stationary on any part of the sight vane by the friction of its 
slides. This is applied for the purpose of taking the bearing of 
objects much above or below the level of the point* of observa- 
tion ; it is put on with its face upward or downwards accordingly 
as the objects observed are much above or below the level of 
the observer. 

The circle being divided to 360°y the compass card is also so 
divided, and, as we have said before, each degree is again sub- 
divided. In some instruments the degrees are numbered from 
the North point round by East, South, West, and to the North 
again up to 3()0'' consecutively ; in others, and as we think in a 
better way, the instruments are numbered from North round by 
East to the South Pole as 180'' and from the South ix)und by West 
to North again as ISO'' more, completing the dOO"" ; the readings 
in this manner are much simplified, for if we have a reading so 
many degrees N.E. we know it will be the same number of 
degrees S.W. ; for instance, in Fig. 48. where the circle is 
divided into twice 180", the one reading from North round by 
East to South, and the other from South round by West to 
North, a bearing is taken to the left of the North, and reads 135** 
West from the South Pole ; then we know at once that it will 
read 135° East reading from the North Pole. This renders 
unnecessary any mention of North and South in reading a 
bearing, as we know at once that all bearings reading East go 
progressively from North to South, and all bearings reading 
West go progressively from South to North. 

The extent to which this instrument may be used will depend 
on many circumstances, such as the ability of the observer, the 
quality and object of the survey, &a As there are no means of 
reading correctly to within fifteen minutes, it of course only 
gives approximations ; but then something of the same kind 
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may be said of larger instniments, which divide to minutes, and 
not to seconds. The reader must ascertain for himself the value 
and capabilities of the instrument, and thereby jud^e of the 
extent to which it may be used ; much, also, must mevitably 
depend on the manner ; a person with a steady hand will manage 
this instrument better than another ; much, also, depends on the 
diameter of the instrument used. 

In Fig. 49, let A B and D be portions of two main chain 
lines of a survey ; it is required to fill in the fencing along a, 6, c, 
dy ^y // from the point a take the bearing of A B, and of a /, /, 
being a station on the line C D, and previously fixed for this 
purpose ; fix on some object, in the fence, for instance, near d, 
m line with af; take also the bearing of a 6, and chain to b, 
offsetting as you go alone, and at b take the bearing of ba-; if 
a b bear 125'' East, then o a shall bear 1 23° West ; if there is a 
difference of a few minutes between the readings, take the mean 
for the correct reading ; at b and at c repeat the same work ; on 
reaching d, find this station on the line a/, and take the bearings 
o{ da and af; whatever the degree the one is West, the other w3l 
be East ; in the four-sided figure abed, the four angles will be 
equal to four right angles, or 360** ; and as, having the bearings, 
we can obtain the angles from them, we can ascertain how far our 
bearings give us these four right angles ; if, as there is sure to be 
with this instrument, we find adifference of somefew minutes, being 
over or under the four right angles, divide this difference over the 
bearings. It is also quite possible that from d we may be able 
to get a bearing on some known point on the line A B, by which, 
when we come to plot, we may check the position of 6, for if 
dgresLds 1 30'' West, then plotting from h on the plan aline 
bearing 130'' East, will run into station d, when this also has 
been plotted. For the continuation of our work d, 6,/, we have 
only a triangle, the three internal angles of which should be 
equal to two right angles, by which we may check the angles at 
d, e,f. It cannot fail to be observed that cJl these bearings may 
and should be plotted from the station a without once moving 
the protractor ; and as we consider it very desirable that the 
student should make himself thoroughly master of the prismatic 
compass before he engages with the principal surveying instru- 
ment, the theodolite, we will go a little further into this matter, 
premising, however, that it wul be more as an introduction than 
anything else to what is termed surveying by traverse, to which 
we shall come at a future page ; probablv, also, it will make the 
subject more familiar to the r^er when he comes to it 

At a let the bearing of a (2 be 9V 5' East, and the bearing of 
a 6 136" ; note this at the commencement of your line a b before 



62 USB OF THE PRISMATIC COMPASS. 

you commence chaining; on reaching the point b, take the 
bearing of 6 a, and let this be ISO"" 5\ note this at the end of 
the line, and take ISC'" 2^' for the mean or corrected bearing 
East and West of the line, ab ; in the same manner, let the 
mean bearing of 6 c equal 89^ and that of cd equal SO"" ; at d 
take the bearing of da, and let this be 91"" 10' ; then the mean 
or corrected bearing of a dJ or df equal to 91** 7jf. 

Now the angle dab, equal to 136° 2^', minus 91** 7^', equal 
therefore to 44° 65', the angle abc is made up of the angle 
a 6 N plus the angle N 6 c ; and a 6 N equal to Sab ; then 
a 6 N equal to 180° minus 136° 2^', equal to 43° 67i' ; and N 6 c 
equal to 89°, the angle abc equal to 43° 57^' plus 89°, equal to 
1 32° 57^'. The angle bed in made up of the angles bcN and 
"S cd, and because N bS and N c S, the two magnetic meridians, 
are parallel, and.N b c equal to 89°, then & c N equal to 180° minus 
89° equal to 91°, and N c d equal to 30° ; then bed equal to 1 21^ 
and cda equsd ioSda minus S <2 o equal to N c d equal to 30°, 
and oda equal 91° 7^ ,* then oda equal to 61° 7^'. 

And 44° 65' + 132° 57i' + 1 21° + 61° 7J' = 360°. 

In the same manner we may check the triangle d cf^ the three 
angles of a triangle being equal to two right angles. 

Observe that three more lines for filling in have been run from 
^, on AB to A. on C D, and that a tie line has been chained from 
^ to i, being a further check upon the work, for if in plotting d or 
i lean one way or the other out of position, then the line di will 
not plot true. 

For thus filling in, the large 5-inch prismatic compass with 
silver ring is very useful, and when once the surveyor has become 
familiar and handy with the use of the instrument it will give 
very close approximations. 

To plot these bearings, place your protractor at a, so that A B 
shall have its due bearing with regard to the magnetic meridian 
N S, the North and South being each represented on the pro- 
tractor by 180° ; prick off all the bearings, as a/, ab,bc,cd, &c., 
draw afsiXid ab, making the latter the length of the measured 
chain Ime ; lay your parallel ruler from a to the point pricked 
oS, as the bearing of & c ; parallel to this rule in be make b c. 

With due attention this instrument may also be used for a 
road survey, as at Fig. 50 ; the bearings along the bends of the 
road are taken at the same time the lengths are chained, care 
being taken at the same time to get bearings from several stations 
to one or two objects likely to be visible from different parts of 

* Because a straight line meeting two paraUel lines makes the alternate 
angles equal, then 8av equal to N a (/. 
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• 

the survey. The work is plotted as before, by laying off the 
bearings all from one point. Fig. 51 illustrates a similar method 
of getting a plan of a stream ; but here a visual line^ ABC, has 
been set off, for which purpose any two objects are selected to 
lay down the line ; as the bearings of the chain lines along the 
banks of the stream are measured, a few bearings are taken here 
and there at different stations upon the two prominent objects^ 
and, if convenient, one or two back sights upon the starting 
point ; if the chain lines have been correctly measured, and the 
bearings correctly taken, these observations upon the prominent 
objects will intersect and prove the degree of accuracy of the 
work, for it must be remembered we cannot expect the same 
accuracy as with a theodolite ; if, however, the prismatic compass 
is applied in the manner we have been pointing out, errors will 
be inappreciable. In both Figures 41 and 42 the measurement 
of the bases A B and A C will completely check the work. 

There is yet another service to wnich the prismatic compass is 
well adapted, which is, from the bearings to ascertain the angles 
which fences make with chain lines, more particularly those 
straight fences which do not require ofisetting. If in the course 
of filling in, such a fence be intersected by two chain lines, the 
intersections of course fix the direction of the fence upon the 
plan ; a check upon the dependence on the chaining only is 
afibrded by the use of the prismatic compass in the manner here 
mentioned. 

It may also be rendered very useful in testing the accuracy of 
a plan the correctness of which we have any reason to doubt. 
By drawing two or three lines across the plan, and marking on 
it the angles they make with each other, and then in the field 
with the plan set out such lines with rods, take their bearings^ 
and see if the angles agree with those measured upon the plan ; 
this may also be done without rods by drawing any line on the 
plan through two or three junctions of fences, 8et4ing off such 
line accordingly on the ground, and taking tiie angles which 
adjacent fences make with the above line, and then comparing 
these angles with those similarly made on the paper. 

Supposing that the reader has had sufficient oonfidence in our 
advice to follow it with regard to the two former prcictical 
leaaona we recommended, and that he has satisfied himself of his 
ability on those points, we now further advise him to practise 
what we have just observed in this section on the prismatic 
coinpass ; at first let him content himself with laying out 
triangles and taking the bearings of the sides ; then lay out a 
series of these three-sided figures^ take all the angles, remem- 
bering that the three angles of a triangle are equal to two right 
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angles, and let Lim see how near he can bring this out in 
practice ; let him also chain his lines, and plot the work. In 
the next place, lay out four and five-sided figures, and so proceed 
gradually ; he may also, by degrees, extend the length of the 
lines circumscribing the above figures. By this means he will 
not only make himself perfectly familiar with the use of this 
instrument, but he will ascertain of his own knowledge its capa- 
bilities, and to what extent he may trust himself to use it. This 
is only to be acquired by one's own practice ; and this being 
acquired, we know what reliance we may place on our own 
exertions. 

Before proceeding to a description of the box sextant and the 
theodolite, we must make a few observations on a particular 
member of these instruments, which is the following. 

THE VERNIER. 

In our most complete and perfect instruments for measuring 
angles, the limb is divided into degrees, and these are again 
subdivided into parts of a degree ; the number of these subdivi- 
sions depends on the size of the instrument, and the degree of 
accuracy to be desired in the instruments ; in some the degrees 
are halved, which gives a division to 30 minutes ; in others the 
degree is trisected, giving 20', or divided into four, giving 15', 
whilst in others the subdivision extends to 10'. Suppose, now, 
that the index of a theodolite, which corresponds to a visual 
line, should point to an angle between 2V 30', and 2Z* ; what- 
ever the difference may be, we can only give a guess at it ; this 
would be very unsatisfactory with an instrument professed almost 
to attain perfection ; to supply this defect an additional scale, 
called " a vernier,'^ has been contrived to measure parts of space 
otherwise undefined between any equidistant divisions of a gra- 
duated measure. 

The length of this vernier scale is exactly equal to a certain 
number of the divisions on the limb, and the number of divisions 
graduated on the vernier is one m>ore than the number upon the 
same length on the limb. The length taken on the limb for 
that of the vernier depends on the degree of minuteness of sub- 
division to be attained ; whatever this may be, the difference of 
a division upon the vernier from a division on the limb is equal 
to the nih part of a division upon the limb, n representmg the 
number of divisions on the vernier. 

If we take two straight lines, or arcs, of exactly eaual dimen- 
sions, calling one A and the other B, and let one be aivided into 
one m/yre equal parts than the other, th&n the cUfferenoe of any 
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tvx> of the equal parts of the two lines wUl be a fraction, the 
nv/merator of whwh is the length common to both lines, and the 
denominator the product of the numbers of parts into which 
each is divided. If we put A for the length of each of the 
equal lines, as also n and n + 1 for the numbers into which each 
line is respectively divided, the length of the divisions of each 
will be, 

Aaud ^ 



n 71+1, and their diflference ; 
A A _ A 

n 71+1, 7?. X (7^+1) 

In figures let A = 1 4** 3<y, or 29 half degrees, or 870' ; then, 

870_ 870^29. ?^-r. and 
29""^^' 30 "^' 870" ' 

30-29 = 1. 

Suppose, in the limb of an instrument, each degree is sub* 
divided into three parts, or to 20' ; it is required that the vernier 
shall read to 1' ; then an arc of 19 parts on the limb divided into 
20 parts on the vecnier, will give the scale required; the 19 parts 
on the limb divided to 20', will be 6^ 20', or 380' ; then 

6*^ 20' 380' ^ y 



19 X 20 380' 

This difference becomes the index for subdividing the smallest 
division on the limb, and the amount of this subdivision is ascer- 
tained bv the coincidence of a stroke on the vernier beyond 
zero, with a stroke on the limb beyond the division last .past 
over by the zero of the vernier ; if this coinciding stroke on 
the vernier be the fifth, then it will be 5', if the ninth, it will be 
9', &c., which must be added to the number of degrees, or of 
degrees and minutes passed over by the zero of the vernier on 
the limb. As there can be no error as to the point of coincidence 
of a stroke on the vernier with one on the limb, there can be 
no mistake as to how many minutes will have to be added, as the 
measure of a fractional portion of the division on the limb that 
the zero of the vernier has entered into. A rough judgment will 
easily be formed as to whether the zero of the vernier has passed 
over a ^ or a ^ of a division on the limb, and this will readily 
guide the eye as to the part of the vernier where we must look 
for the coincidence of one of its strokes with one on the limb ; 
should there, however, happen to be any uncertainty about the 
exactitude of coincidence, then 20", 30^, or 40", may be taken 

F 
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instead of the last minute, aooordingly as the eye can best judge 
by the magnifying*glas8 of the small quantity defective of per- 
fect coincidence ; in this the observer will be assisted by exami* 
ning the places of the preceding and following strokes. 

Many of the instruments now made by the best makers have 
ihe degree divided into 20, 15, and 10 minutes, by means of a 
vernier with divisions and subdivisions acting with divisions and 
subdivisions on the limb. On examining the limb of an instru- 
ment, as, for instance^ a sextant^ it will be observed that it is 
divided at every 5 degrees by a longer divisional line than the 
others ; these spaces contun each 5 degrees, all of which are again 
subdivided by shorter lines representing minutes ; if there be 
four spaces, each will be 15 minutes, and if six, then each will 
be 10 minutes. On the vernier, likewise, the divisions marked 
by longer lines are subdivided by shorter ones, the divisions 
being minutes and the subdivisions being seconds. If the spaces 
between each long division be divided into four, each wUl be 
15", and if into six, then 10* ; the number of subdivisions between 
the minutes of the vernier are generally, though not necessarily 
so, the same as the subdivisions between the degrees on the limb, 
so that if the limb is divided into 20V then the vernier is divided 
into 20*. 

With regard to reading ofiF an angle on the limb of an instru- 
ment provided with a vernier ; if the zero of the vernier coincide 
with a division on the limb, such division gives the angle 
measured ; thus, if it coincide with SO"*, then 30"" is the measure 
of the angle ; if with the first or second long division beyond the 
thirty, then the reading will be 81° or 82*^, as the case may be ; 
but supposing that the degree on the limb is subdivided into 
three parts, each, of course, indicating 20', and that the zero of 
the vernier coincides with the first of these subdivisions beyond 
SV, then the reading will be SI"" 20", and if with the second, the 
reading will be SV w. In the next place let us consider that^ 
on a limb divided as above, and with a vernier having also three 
short divisions between the long ones, and therefore reading to 
20", the zero of the vernier has passed by SI"" 20', but not reached 
the 40'; we must now look mr a division on the vernier coin- 
ciding with one on the limb ; let it be the first long division, 
then the reading will be 81^ 21' ; now let us suppose that it is 
the second short division beyond the first long one beyond zero, 
then the reading will be 81° 21' 40". 

The Figures 52, 53, 54, 55, and 56, have been introduced to 
illustrate our observations on the vernier ; in Fig. 52, the 
degrees from 35^ to 40° are shown on the limb, each degree 
being divided into four divisions of 15' each ; in the vernier each 
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division between the long strokes being also divided into four, 
gives 15" for each subdivision; in our example the zero has 
passed by Sd"" 16', and the second subdivision counting SO* 
beyond the two main divisions counting 2' on the v&mier, coin- 
cides with a stroke on the limb ; then this quantity of 2f and 30* 
is to be added to 85^ 16', making together 85^ 17' 30". 
In example 63, each degree on the limb is divided into six parts 
of lO' each, and each minute on the vernier is divided into four 
spaces of 15' each, and the vender reads 76** 62' 46*. In 
example 64 we read 131° 44' 40*. In example 65, each 
degree on the limb is divided into two spaces, and the vernier 
reads to minutes, and we have 22*" 44' for the reading of the 
instrument. In Fig. 66, supposed to give a scale of a mountain 
barometer, every inch on the limb is divided into -ten parts, and 
each tenth part is divided into two, each of which will be five- 
hundredths of an inch ; the scale of the vernier is nine-tenths of 
an inch divided into ten ; the long divisions give one-hundredth 
of an inch, the subdivisions reading thousandths ; in our 
example 66 the instrument reads 30*420 inchea With any 
instrument provided with a vernier before him, the reader wiU 
have but little difficulty in understanding this with the help of 
the magnifying-glass, ^r it must be remarked that, for the sake 
of {Vainness, onr scales in the examples are much exaggerated ; the 
first thing to be looked at is, into how many divisions each degree 
on the limb is divided, each division being a certain number of 
minutes accordingly ; and in the next place, into how many divi- 
sions, if any, the minutes of the vernier are divided ; this ascer- 
tained and remembered, there will be no difficulty after a l/UUe 
practice in reading off the instrument. 

It will no doubt be readily perceived that the accuracy of 
observations thus made, of necessity must depend on the correct 
division of ihe limb of the instrument, and still more so where 
it occupies the whole circumference of the circle ; another source 
of error may be that the centre of the arm of the index may not 
be exactly coincident with that of the instrument itself. To 
correct this, two opposite verniers are generally applied to theo- 
dolites, and by taking the mean of the vernier readings ihis cor- 
rection is made ; the best proof of the wisdom of the introduction 
of this double vernier is, that in most cases very minute observa- 
tion will show that they do not read exactly alike. Two oppo- 
site indices will correct such errors as those just mentioned, as 
will also three verniers placed equally distant from each other ; 
these three are often placed on theodolites with a large limb. 

If we have the limb of a theodolite slightly compressed on 
one side, and elongated on the other, but with the index re- 

F*2 
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volving round the point of intersection of the long and the short 
diameters ; now, although the end and side divisions are altered 
by the compression, the readings of two verniers placed diametri- 
cally opposite to each other will not correct the error, inasmuch 
as the alternations correspond at the opposite ends of the 
diameter ; but three verniers equidistant from each other, 
although they do not give an exactly mathematical correction, 
approximate sufficiently near for all practical purposes; and 
quite as well as four, with which some instruments are provided, 
though not for this purpose. 

At the ends of the limbs of sextants are small additional por- 
tions of arc, which are called the arcs of excess, the nature of 
which will be explained under the head of ** the 8extant!* When 
reading off on this arc, we first observe what quantity on the 
limb is passed over from the zero hy the zero of the veimier ; in 
the next place we proceed to read backwards on the vernier 
counting from the last division which we now consider as 
the zero. 



THE SEXTANT AND BOX-SEXTANT. 

The principle of construction of the sextant, as well as of the 
quadrant, is that the total deviation of a ray of light after suc- 
cessive reflection in the index and the hdrizon glasses is double 
the angle of inclination of those two glasses or mirrors. 

That the angle of incidence is equal to the angle of reflection 
needs no demonstration ; of this mention has been made in the 
article on the optical square ; the fact being admitted, let A H, 
Fig. 57, be a mirror, and let S be an object from which the 
radiant S B falls on A M at B ; the angle M B C is equal to the 
angle ABS, equal to 4to*\ let D B be perpendicular to A M ; 
now let the mirror revolve on B into the position am, SB re- 
maining fixed as before, and let A B a, D JB (2, and M B m be 
equal to lO"" ; ABS being equal to 45'', a B S will be equal to 
35'', and the angle of incidence being equal to the angle of 
reflection M B c, will also be equal to 35'', and it will at once be 
seen that C has moved to c in an arc equal to twice A a 
or T> d. 

In Fig. 58 let I i and H A be two glasses, which are known as 
the Imdex glass and the Horizon glass, let them be placed with 
regard to each other at an angle I A H, and let S I be a radiant 
from S making with the mirror I i the angle S I i ; the reflected 
ray I H will make with I i and with H A the angles H I A and 
I H E, each equal to the angle of incidence S I i. The angle 
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A H y = the exterior angle I'ELhj and = the two interior angles 
HIAandHAI of the triangle IHA; andHVA= IVE, 
therefore VIE + lEV = VHA + HAV, and therefore to 
HI A + 2HAI, but VIE«SIiis also =HIA; taking 
away these equalsi the remainder S E H ss the remainder twice 
the angle HAL 

The above is the principle of construction of quadrants, sex« 
tants, and reflecting circles ; for I is the index mirror fixed on 
and revolving with the index bar, I A, by the vernier of which 
the angle is measured or read off along the limb L M ; H is the 
horizon glass through the unsUvei^ed portion of which any object 
is seen by direct vision from the point E, where the eye is ap- 
plied, wmlsfc the sUvered part receives the reflection from the 
index mirror I of an object, as at S, as this mirror is made to 
revolve until the image of contact is effected at H. It will be 
seen that whilst the angle formed by two objects with the eye is 
thus obtained, the angle really measured is that formed by the 
bearings of the two glasses relatively to each other ; but the 
lin^b L M is so figured as to give twice the angle between the 
glasses; thus, if the spaces on the limb measure 15', they are 
figured 3(f; therefore the reading of the instrument when in 
aajustmenty gives the angle between the bearing of the object 
from the centre of the index mirror and the bearing of the re* 
fleeted image from the place of the eye. 

Fig. 59 is a representation of one of Elliott^s sextants ; L L'is 
the limb, and Y the vernier, graduated according to the size of 
the radius of the instrument ; I is the index mirror fixed per- 
pendicular to the plane of the instrument, and over the centre 
of motion of the index I Y ; M is a microscope connected with 
the index by an arm, and by the aid of which the whole of the 
vernier may be examined The limb is also divided from zero 
towards U, forming the arc of excess by which the index error of 
the instrument is determined, as will be seen hereafter. In 
reading off on the arc of excess, the vernier must be read back- 
wards ; that is, the division on the limb next to the left of the 
zero of the vernier being read, the divisions of the vernier to be 
added must be read from the other end, marked 30, to a divi- 
sion coinciding with a division upon the limb. A clamp C is 
attached to the index to fasten it to the limb ; T is the tangent 
screw by which the index may be moved any small (quantity after 
it is clamped ; this tangent screw having a most delicate motion, 
enables the observer to perfect the contact of the objects ob« 
served in a manner which could not be done by the hand acting 
on the index merely. 
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H is the horizon glass, the lower half of which only is silvered ; 
this glass, also, must be perpendicular to the plane of the instru- 
ment, and in such a position that its plane must be parallel to 
the plane of the index mirror when the vernier is set at zero ; 
a deviation from this constitutes the iiidex error; for adjusting 
the horizon glass there is a small screw at the bottom of the 
frame in which it is set. 

O is a telescope carried in a ring, attached to a stem called 
the up and down piece ; this may be raised or lowered by 
means of a milled headed screw, till the objects seen in the tele- 
scope directly, and by reflection, appear of the same brightness, 
which will be the case when the field of view in the telescope is 
biBected by the line on the horizon elass that separates the 
silvered from the unsilvered part A pkin tube and two tele- 
scopes, one showing objects erect, and the other inverted, are 
supplied with the sextant; the inverting telescope having a 
higher magnifying power than the other, shows the contact of 
objects better ; the adjustment for distinct vision is obtained by 
sliding the tube at the eye end of the telescope in the inside, of 
the ouier. 

Four dark glasses of different shades and colours are placed 
at G, any one of which may be turned down between the index 
mirror and the horizon glass, when the light seen from any ob- 
ject by reflection is too intense for the eye ; similarly, there are 
three more, at B, any one of which may be brought before the 
horizon glass when too bright a light proceeds from the object 
seen by direct vision. For the same purpose, to the eye end of 
the telescope a dark glass may be fixed, one or two of which are 
generally in the box containing the sextant ; they are, however, 
principally used in observing the sun's altitude with an artificial 
norizon, or for asc^*taining the index error, as the use, for this 
purpose, of the shades attached to the instrument would involve 
any error they might possess. 

In the instrument case is a key for turning the adjusting 
screws. * 

,Wben in use, the instrument is held by a handle placed 
underneath. 

By means of the up and down piece above mentioned, the 
axis of the telescope is brought to the same height above the plane 
of the instrument as the height of the line of separation between 
the silvered and unsilvered portions of the horizon glass, to pre- 
vent parallax of the reflected rays ; by this adjustment, also, the 
image of one object may be made as luminous as the real body 
of the other, by increasing the light of one and decreasing that 
of the other ; that is, by making more of the silvered or of the 
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tmsilvered part of the horizon glass taH before the object glass 
of the telescope, when this is necessary. 

When the sun is the body observed, the light is generally too 
intense for the eye to bear with the telescope ; to render the 
rays tolerable to the sight, the coloured glasses above mentioned 
are interposed, and the blank tube instead of the telescope is 
applied, by which means the sun may be viewed without incon- 
yenience. 

The adjustments required in the sextant are the fcdlowing : — 

The index and horizon glasses must be perpendicular to the 
plane of the instrument 

The planes of these glasses must be parallel to each other 
when the zero of the vernier is set to zero on the limb. 

The optical axis of the telescope must be parallel to the plane 
of the instrument 

To test the perpencUcula/rity of the vndex glaes. 

Slide the index to about 40"^ or 45^ on the limb, and holding 
the instrument nearly parallel to the horizon, that is, about level, 
look obliquely into the index glass to see whether the sharp edge 
of the limb seen by reflection is an exact and straight continuation 
of the same edge of the limb seen by direct vision. If the edge 
and its image form one continued arc, the index glass is perpen- 
dicular to the plane of the instrument ; but if otherwise, the 
instrument must be sent to the maker to adjust. 

To adjust the horizon glass. 

Fix the zero of the vernier to zero on the limb, hold the 
instrument level, and looking through the eye end steadily 
at some convenient object, sweep the index slowly along the 
limb ; if the reflected image do not pass so as to coincide 
with the direct object, but the one projects beyond the other, 
then the glasses are not perpendicular to the plane of the 
sextant, and supposing we have already tested the index 
glass, then the horizon glass is at fault ; this is adjusted by turn- 
mg a small screw at the bottom of the frame in which it is set 
until the reflected image passes exactlj^ over the direct object ; 
the horizon, or any straight distant line, may be used for this 
purpose. 

To examine the pamllelism of the planes of the two glasses 
when the index is at zero, or to determine the index error. 

The best way to do tibis is to measure the sun's diameter both 
to the left and to the right of zero ; that is, first on the arc of 
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the limb, properly so called, and next on tbe arc of excess. First 
' clamp the index at about 30' to the left of zero, and with the 
sun for object, bring, by means of the tangent screw, the reflected 
image of the upper limb into contact with the direct view of the 
lower limb, and set down the minutes*and seconds marked by the 
vernier. Now clamp the index at about 30' on the arc of excess 
to the right of zero, and bring the reflected image of the lower 
limb into contact with the direct image of the upper limb, and 
take off the reading from the vernier. Set down this reading 
beneath the last observed ; then half the sum of the two is the 
correct diameter of the sun, and half their difference is the index 
error. When the reading on the arc of excess is the greater of 
the two, then the index error must be added to all the readings 
made with the instrument ; when less, then the index error must 
be subtracted ; it is as well to repeat this two or three times, and 
the difference of the sums of the readings on the arc, and on 
the arc of excess divided by the number of times the operation 
has been repeated, will be the index error ; and the sum of all 
the readings divided by the number will be the sun's diameter. 

To eccamine the optical axU or line of coUvmation. 

When the sun and moon, having a distance of 90° or more, are 
brought into contact just at the wire of the telescope nearest to 
the plane of the instiiiment, the index fixed, and the position of 
the instrument altered to make the objects appear on the other 
wire, then if the contact still remains perfect, the axis of the 
telescope, is in proper adjustment ; but if otherwise, alter it by 
means of the two screws which fasten the collar into which the 
telescope screws to the up and down piece, tightening one 
screw and turning back the other, till after a few trials the 
contact remains perfect at both wires. 

To examine tjie error from the imperfection of the dark glasaee- 

With the dark glass^ only at the eye end of the telescope, first 
bring the reflected imsige of the sun into contact with his image 
seen directly through the unsilvered half of the horizon glass. 
In the next place, having removed this dark glass, set up sepa* 
rately, and then in combination, the various coloured glasses ; the 
angle through which the index must be moved to perfect the 
contact is the error of the dark glasses, or of any combination of 
them, used in making the observations. This error should be 
recorded for each glass, and for each combination of glasses, and 
so as to be easily referred to. 
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To ewamime the Ivmb cmd tiie vernier. 

When all these observations and adjustments have been made, 
the instrument may be applied in practice, if we may rely on 
the skill and reputation of the maker ; but if otherwise, it is as 
well to examine the materials of which the instrument is made. 
The accuracy of the divisions on the limb and vernier may be 
tested by sliding the latter slowly along the former, and exa- 
mining how they agree, or as it were stepping the arc of the 
limb with the vernier, remembering what we have said about 
the total length and the divisions of the latter in another place, 
under the head of " Vernier ;'' the intermediate strokes on the 
vernier itself may be examined, lastly, by the strokes on the limb 
taken in various place& Of course, m doing this, the microscope 
is to be used ; the divisions should all be fine and distinct, and 
the inlaid plates, on which they are engraved, should be perfectly 
level with the surface of the instrument. If all this be not 
found perfectly correct, the instrument should be rejected, or at 
least fresh divided by a good maker. 

To examine the glasees of the mirrors : first, to try the quality 
of the glcisSy whether the surfaces he perfect plants, and 
witether the faces of each glass are paralteL 

Bring two distinct and distant objects into good contact, and 
let them be seen at the upper edge of the silvered part ; now 
move the instrument in its own plane, and move the image and 
body alonff the line of separation or edge of the silvered part If 
the coincidence is not disturbed, the plane is perfect. Or look 
separately into each reflector in an oblique direction, and observe 
the image of some object ; if it appears clear and distinct, the 
glass is of good quality, but if it appears notched or irregular, the 
glass is bad. Again, if the image appears singly and well- 
defined about the edges, then the two surfaces of the glass are 
parallel, but if misty, or appearing like two images, the two faces 
of the glass are not parallel, and consequently it is not fit for its 
purpose. This examination may be performed with the flame 
of a candle. 

Very possibly, on reading these instructions as to the examina- 
tion of all the parts successively of the sextant, they will be con- 
sidered very tedious, but it must be remembered that when they 
are once performed the work will not have to be repeated if the 
instrument is taken proper care of ; in the next place, nothing 
will tend more to make the reader thoroughly acquainted with 
the principle and construction of the instrument ; to this we 
must add, that it is not one of ordinary use, being principally 
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employed for aatro&omical observation, where these are required^ 
for inaritime surveyiBg, and a few more important matters. A 
little attention to tne nature and construction of the instrument 
will show of what it is capable ; but there being no outward 
case to protect the various parts, it will not bear the slightest 
approach at ill usage. 

When an observation is to be made with the sextant, it is 
evident that the plane of the instrument must be held in the 
same place as the two objects of which the angle is required ; 
vertically, therefore, if altitudes are to be taken, and horizontally 
or oblique where horizontal or oblique angles are to be taken. 
The reader will at first find some little difficulty in thus adjusting 
the plane of the instrument, and his first attempts will very 
likely be failures, but as, indeed, in the use of all instruments, 
after a few further trials, facility will gradually come round. The 
instrument is to be held in the right hand by the handle under- 
neath, though this will, of course, be sideways when the plane of 
the instrument is held vertically ; and it should not be grasped 
tight, but held with ease, though with safety, for by holding it 
too hard the hand is apt to grow unsteady. 

Supposing now an altitude* of an object — as of the sun, for 
instance — is to be taken, with the horizon of the sea before the 
observer ; one or two of the dark glasses must be used according 
to the brilliancy of the sun ; the eye is applied to the eye-piece, 
and the sight directed to that part of the horizon immediately 
beneath the sun, and, at the same time, the left hand gently 
glides the index forward, until the image of the sun, reflected 
&om the index ^lassy appears in contact with the horizon at the 
line of demarcation between the silvered and unsilvered portions 
of the horizon glass; clamp the index, and with a gentle 
motion of the tangent screw, perfect the contact of the upper or 
lower limb (or part) of the sun with the horizon, when it will 
appear a tangent to his circular disc.f To the angle read off 
apply the vndex error (see^ ante) ; then add or subtract the 
sun's 8emi-diameter,t as given in the Nautical Almanac, ao- 

* The altitude or elevation of any point of the sphere is an arc of a vertical 
circle intercepted between it and tlie sensible horizon; this is peculiarly 
denominated sennble or apparent horizon, to distinguish it from the rational or 
tme horizon: the hifffaer the eye the further is the visible horizon extended. 

t If the ODsenrer Knows his latitude approximately he may find the miri* 
dional latitude nearly, to which he may at once set his instrument : he will 
then have only a smaU quantity to move his index to perfect the observation. 
Take from the Nautical Almanac the declination of the object, and if it be the 
same name with the latitude, add it to the co-latitude ; if of a different name, 
subtract it ; the sum or difference will be the meridian latitude. 

X The apparent diameter of the sun or moon is the angle under which they 
appear to tne observer; the amount of this depends upon the real magnitude 
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cording as the lower or upper limb has been obaerred to obUdn the 
ap{Mirent altitude of the sun's centre. Before, however, this obser- 
vation can be used for determining the time, the latitude, &c, 
it must be further corrected for puallax* and refraction,-)* to 
obtain the true altitude, adding the former, and deducting the 
latter. A quantity must also be deducted for the dip when the 
sea horizon is used, which is not the case when an artificial 
horizon is employed ; but this will be mentioned hereafter. 

Example. 

Observed altitude of sun's lower limb. . . 60 4*5 5 
Index Error — 15 

Apparent altitude 60 44 50 

Sun's semi-diameter -f 15 46 

Parallax + 4 

Befraction . . - 34 61 40 

Dip for an eleva- 1 n i. o — 4 37 

tion of 18 feet J " * "* 

True altitude 60 56 3 

- 4 37 

When the angle subtended by any two objects more or less 
in an horizontal plane is to be measured, it is best to direct the 

of the object and its distance from the obserrer. The sun's semidiameter is 
entered m the Namtieal Almanac: Its semi-diameter is 16' which is often 
used in practice, as it does not vary more than half a minute from that amount. 

* The situation of a oelestud booj as viewed from the mrfaee of the earth, 
is called its apparent place, and that part of the heavens where it would be 
viewed, if observed at tne same moment from the centre of the earth, is called 
its true place. The difference between the two is called the parallax of the 
object. This parallax is sreatest at the horizon, gradually aiminishes as it 
rises above the horizon, ana vanishes when the object reaches the zenith. As 
the altitude of an object, as observed from the earth's surface, is less than if 
observed from the centre, the parallax is to be added to the apparent altitude 
to obtain the true altitude. 

'^ The rays of liffht from a celestial body on entering the atmosphere 
obhqnely are diverted from their rectilinear course^ and are bent more a^ more 
towards the centre of the earth as they dive deeper into the atmosphere ; hence 
thcr^ fidl upon the eve in a different direction from that of the obj^, and 
maxe it appear higner than its real place. The difference thns caused 
between the object's real and apparent places is called the reftvetioM^ The 
more obliquely the rays fall, the ^greater the diversion from their rectiliaear 
course, and the greater the refraction : therefore it is greatest i^ the horizon^ 
and vanishes at the zenith. It is always to be deducted from an object's 
apparent altitude, because the effect of refraction is to make bodies appear 
higher than they really are ; so much so, that celestial objects may appear above 
the horizon when they are actually below it. Tables of refraction are usiuUy 
found in nautical works. 



76 THE ARTIFICIAL HORIZON. 

telescope to the fainter object, so as to get the more visible one 
by reflection ; to do this, when the brighter object is to the left, 
the sextant must be held /ace downwards. 

'' The enlightened limb of the moon is always to be brought 
into contact with the sun or star, even though the moon's 
image is made to pass beyond the sun or star before the desired 
contact can be obtained. 

** Perhaps the best method of taking a lunar distance is, not to 
attempt to make the contact perfect by the tangent screw, but 
when the nearest limbs are observed, make the objects overlap 
each other a little when they are receding, or leave a small mace 
between them when they are approaching, and wait till the 
contact is perfect, and the reverse when the furthest limbs are 
observed. 

" The altitudes of the two objects should be observed at the 
same instant as the distance, and the time noted by a chrono- 
meter, or watch ; this would require several observers ; but one 
person may take them all, by having recourse to the following 
method. First, observe the altitude of the sun or star ; secondly, 
the altitude of the moon ; then any number of distances ; next 
the altitude of the moon, and lastly, the altitude of the sun or 
star, noting the times of each by a watch. Now add together 
the distances and times when they were observed, and take the 
mean of each ; and in order to reduce the altitudes to the mean 
time, making the following proportion : — As the difference of 
the times between the observations is to the difference of their 
altitudes, so is the difference between the time that the first 
altitude was taken and the mean of the times at which the 
distances were observed to a fourth number ; which added to or 
subtracted from the first altitude, according as it is increasing 
or decreasing, will give the altitude reduced to the mean time." 

Artificial horizon. 

In making the above remarks we have been supposing the 
observer as having the sea horizon before him ; but this may 
not be the case in taking altitudes on land ; he must under sucn 
circumstances have recourse to what is called an artificial 
horizon. Such an horizon may be obtained by pouring a 
quantity of tar, oil, or other viscous fluid into a shallow vessel, 
and covering it over with a piece of thin gauze muslin to prevent 
the wind from imparting a tremulous motion to the liquid. A 
very portable artificial horizon consists also of plate-glass of two 
or three inches in diameter, fitted in a brass frame standing 
upon three adjusting foot screws, by means of which and a 
small spirit level placed on the glass in various positions, its 
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surface may be placed in a perfectly horizontal plane ; the foot 
screws are of course turned until the bubble of the spirit level 
settles in the middle of the tube, or, as it is termed, of its ruoi 
The surfaces of the glass should be perfectly parallel and true 
planes ; the under surface should be unpolished and blackened,* 
so that the sun can only be reflected from the upper surface, 
which should be perfectly polished. 

Another kind of artificial horizon consists of a quantity of 
quicksilver poured into a shallow wooden trough, over which is 
placed a roof to protect the wind firom disturbing the quick- 
silver ; the sides of the roof are made of two plates of glass, the 
surfaces of which are perfect planes and parallel to each other. 
The glasses pack in a small box, with a small vessel containing 
a quantity of quicksilver ready for use. 

When the artificial horizon is used, the observer must place 
himself at such a distance that he may see the object itself, and 
also its reflected image ; supposing he is taking an altitude of 
the sun, the image of the upper or lower limb of this object, 
reflected from the index glass, must be brought in contact with 
the opposite limb reflected from artificial horizon and seen from 
the horizon glass. If the inverting telescope is employed, it 
must be remembered that the lower limb will appear as the 
upper, and vice versa, but in taking an observation of the sun 
this inverting telescope is unnecessary. The angle shown will 
be double the observed altitude of the sun's limb above the 
horizon ; the half of this altitude with the corrections for index 
error, semidiameter, parallax, and refraction will gi^e the true 
altitude. The correction for dip is here unnecessary. 

Fig. 60 illustrates the method of taking altitudes with the 
artificial horizon ; A B is the quicksilver in the trough covered 
by its glass roof ; S the object ; the angle S £ B between the 
object and the reflected image of it seen in the mercury is 
double the altitude or angle of elevation SEH^; for by 
parallels S^RH = SEff = ERB; and SER = SRS^ = 
2 S E £P ; the half, therefore, of the measured angle will be 
the apparent altitude to which the corrections last-mentioned 
will have to be applied. 

THE BOX-SEXTANT. 

The box-sextant is one of the most useful in the whole list 
of surveying instruments ; it is only about three inches in dia- 

* It may be necessary to observe that every silvered glass of any sensible 
thickness has two reflecnons ; the one on the anterior side and the other on 
the posterior or silvered side; errors mav be occasioned by these donble 
reflections, to prevent which the silvered siae sbonld be blackened. 
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meter^ and scarcely two inches in depth when shut up, and yet 
it measujres an angle to one minute, and if rather larger in size, 
to thirty seconds; its construction and adjustments are pre- 
cisely similar to those of the sextant ahove described, but being 
much smaller is more portable ; it possesses besides the advan- 
tage of an outward shell, by which its constructive parts are more 
readily protected from injury. 

This instrument is illustrated at Fig. 61. A, is an outward 
box into which the instrument proper is screwed when in use, 
and which serves as a cover when the instrument is packed away 
in the pocket, or in a case attached to a belt; it is not to l>e 
confounded with the ^* pocket sextant" which is literally a 
sextant in every sense of the word, but of only about four inches 
radius or less, so as to be carried about in one s pocket. I is the 
index, which may be moved along the limb L by a rack and 
pinion motion concealed within the case surrounding the con* 
structive part of the instrument, and which is turned by the 
milled head B, answering the same purpose as the tangent screw 
of the large sextant illustrated at Fig. 59. To the index is fixed 
the index glass 0, acting as the index ^lass of the sextant ; H is 
the half-silvered horiiion glass ; the adjustments of these are so 
protected by the outer case that, when made perfect, it requires 
ill-usage to disturb them. For the adjustment of the horizon 
glass H, there is a contrivance at a and (2, the latter being con- 
cealed in the drawing, to make it perpendicular to the plane of 
the instrument, and also to correct what has been called the 
index error,«or defect of parallelism between the planes of the 
two glasses ; this paralleUsm in the box-sextant had better be 
kept perfect, as, when once the adjustment has been made, it is 
not likely to get out of order. The key E, fits both squares at 
a and dy but is kept where shown in the drawing, so as to be 
always at hand when required. T is a telescope fitting to the 
instrument by means of shoulder and screw, to be us^ or not 
at pleasure, as there is a pkdn sight attached, which, by means 
of a little stud, may be slided into the place of the telescope and 
used instead ; indeed, nine times out of ten the instrument \& so 
used. There are two dark glasses within the box, either or 
both of which majr be applied by means of little levers as re- 
quired, and there is also a small dark glass attached to the eye 
end of the telescope, to be used or not as may be desired. M is 
a magnifpng glass, mounted on a joint to move along the vernier, 
and by the help of which the angle may be read off; the con- 
struction and the adjustments of this instrument are so precisely 
alike those of the sextant that we should have to repeat what has 
been said before if we were to describe them all ; so indeed is 
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the use of the boxnetextant ; we shall therefore only make a few 
observations sach as relate to the common use of the instrument 
in surveying, which is veiy general. 

The dark glasses are within the box, and situated between the 
horizon glass and the plain sight or place of the telescope; 
when used, therefore, these glasses are left so, but when other- 
wise, they are turned down by means of their levers through a 
slit into the box A, so as to be out of the way ; when the instru- 
ment is to be shut up they are returned to their place. 

The adjfuslm&rita. 

To examine if the instrument be in perfect adjustment, 
look at the sun through the plain sight, leaving one or both 
of the dark glasses before the object, as may be required, accord* 
ing to his brilliancy ; move the index a little right and left of 
zero on the limb, so as to bring the sun's image reflected from the 
index glass to pass over the disc as seen directly through the 
horizon glass ; if in doing this the reflected image coinoideB 
with the direct image, so that one unbroken orb is seen, or the 
upper and lower Umbs form one unbroken circumference, then 
the horizon glass is perpendicular to ihe plane of the vnstrw- 
ment ; otherwise make it so by means of the screw at a, with 
the key K. In the next place, with this adjustment perfect, to 
examryime ihe parallelism of the two glasses, pursue tne course 
directed at page 71 ; if, with this instrument, there be an 
- error, it had better be at once corrected, and this should be done 
by turning the screw at b, by means of the key K, above-men- 
tioned. When this adjustment is made perfect, and the zero 
on the vernier perfectly coincides with the zero on the limb so 
as to form one straight line, the reflected image of the sun will 
exactly coincide with its direct image, and the two images will 
form one perfect and complete orb. 

In using the instrument the bottom of the box is held in the 
left hand, and the index worked with the right, by turning the 
milled head ; the instrument being thus held, an angle sub- 
tended by two objects is measured by looking at one of them 
directly trough the unsilvered half of the horizon glass, whilst 
the index is carried round to the right hand until the object 
reflected from the index glass is made to coincide with the 
image seen by direct vision. This presupposes that the object 
seen directly is on the observer's lefb^ and that seen by reflection 
to the right hand. Should the reverse of this occur, as, for 
instance, m the case of setting out an angle to the left of the 
object seen directly, then hold the instrument upside down. 
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This is the best way of observing an angle between two obiects, 
the one of which is near and the other distant, as by so doing 
parallax is eliminated. Should both objects be near, select some 
third one in line with that to the right or left, or set up a pole 
in direct line with one of them. 

Should the angle required be a vertical one, then the sextant 
is held vertically, so that the index may be worked similarly 
instead of sideways; the sextant is thus held for taking the 
altitude of a celestial object, for which see what has been said 
under the article " sextant" 

The principal objections to the sextant are that it will not 
measure angles greater than about 120°, and only horizontal 
oneS) or rather, in the same plane ; consequently, if an angle be 
measured with this instrument between two objects, the one of 
which is much above or below the other, the true horizontal 
angle is not obtained, for to measure such angle the observer 
will have to hold the sextant, not horizontally, but in the plane 
formed by the two objects, the one of which is much above the 
other. An angle so taken requires reducing to the horizontal, 
which is a troublesome o{)eration. As much as possible it is 
better to avoid having to measure angles between such objects, 
that is, much out of the horizontal level ; when they do occur, 
set up an object in line with one of them so as to get an hori- 
zontal angle ; in mere sketching this may be avoided by select- 
ing some object already in line ; but in actual surveying, this is 
not always so easily done as may be supposed, even with suffi- 
cient accuracy for many practical purposes, and the observer 
will never have any faith in the measurement of an angle so 
taken, particularly if the higher or lower object of the two be 
much out of level ; under such circumstances, it is much ])etter, 
safer, and more practical, to set up a pole carefully in line, and 
by means of a plumb-line this is very soon done ; we may then 
measure the angle by holding the sextant quite or nearly in a 
horizontal plane. 

This will be the greatest objection the inexperienced practi- 
tioner will find with the sextant, but a few days' practice will 
entirely overcome it, and prove to him that it is one of those in- 
struments without which he should never be in the field ; it is 
besides as useful in setting ont works as it is in surveying ; it 
may, indeed, be considered indispensable in engineering field- 
work, and when the reader has made himself familiar with the 
use of the sextant and of the prismatic compass, he will soon 
learn how to use the theodolite. 

THE TRANSIT THEODOLirS. 

This is the chief instrument used in surveying, in setting out 



THE TRANSIT THEODOLITE. 81 

cuivefi, and in all instances where important angular observations 
are ta^en ; it may, indeed, be resorted to for many astrono- 
mical purposes. Fig. 62 is a drawing of one of Elliott's improved 
transit theodolites, and the most perfect and complete instru- 
ment of the kind yet produced ; when in use it is fixed, by 
means of a female screw under the lower part, to a three-legged 
triangular stand, which affords a firm support even on the most 
uneven ground ; this tripod is so constructed that it shuts up in 
a round staff for carriage with a couple of rings. 

L and V are two circular plates, L being the horizontal 
graduated " limb" and V the " vernier pldte;" both turn hori- 
zontally upon the vertical axis immediately underneath them ; 
this axis consists of two parts, external and internal ; the external 
belongs to the graduated Ivmh, and the internal to the vernier 
plate ; the edge of the limb is chamfered ofiF and silvered to 
pBceive the graduations ; on dia/metricaUy opposite aides of the 
"^vemiei* plate, that is, 180^ apart, are the verniers Y, and the 
' chamfered inclinations of the verniers and that of the limb form 
one continued inclined plane. The graduations on the limb and 
vernier depend on the diameter of the plates ; on this subject 
the reader is referred to what has been said under the head of 
" Vernier." 

At P and F are the ^'parallel plates^' held firm and set 
parallel to each other by four mill-headed screws, py p, pairs of 
which are opposite to each other, so that there are only three 
seen in the drawing; these, by being turned, act opposite to 
each other, and by their means the instrument is set up level 
for taking either horizontal or vertical anglea 

There is a '^dcmvping screw," hidden from view in the draw- 
ing, by means of which a collar, embracing the axis betiveen the 
pcuraUel plates omd the horizontal Umb, may be tightened ; this 
clamping screw serves to fix the horizontal lunb in any direction 
that may be desired ; but as this motion is only effected by hand, 
and as it is requisite that such direction should be fixed with 
minute exactitude, there is a ^^slow motion screw" S, by means 
of which the whole instrument may be turned any small quan- 
tity after having been fixed by the clampin^^ screw ; this slow 
motion screw is attached to the upper parallel plate. Similar 
contrivances are applied to the vernier plate, which has also a 
damp C, and a screw for slow motion, T, called the " tangent 
screw ;" only the best instruments are supplied with this '' slow 
motion" movement, which is far superior to any other, as by its 
means the most gentle and steady motion possible is imparted 
to the instrument. 

In the centre of the vernier plate is a compass, and there 
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are also two small spiritrlerels l^l, cm this plate, by means of 
which the observer is guided in setting the instrument level ; 
these^ two spirit-levels are supplied with adjusting screws at tke 
endsi A small miorosoope is attached to the limb for reading 
the vernier, and so as to dide round the instrument. 

We must now oall the reader^s attention to the two frames^ 
T, 1t, which support the remaining portion of the instrument, 
viz., the telescope and its spirit-level above, and the vertical 
circle M, called the '' v&rtical limh/* with its two verniers v, with 
their microscopes, for measuring altitudes or vertical angles; 
these are supported on the frames by the pivots of the horizontal 
axis resting m the ' V^/^ ^ called from ^ rough resemblance to the 
shape of that letter* It is this system of construction which 
gives the transit theodolite one of its very great advantages over 
the old style of instrument, as when it is required to reverse 
the ends of the telescope, it is merely necessary to make the 
telescope tevolve vertically on its axis, instead of having to per* 
form the troublesome operation of opening clips by the removal 
of pins eveiy time it is dona 

At either end of tb6 spirit-level ure capstan-^headed sc]*6WS, to 
adjust it parallel to the optioal aJcis Of the telescope, or line of 
collimation, by tightening the one and loosening the other. The 
vertical limb is aliso provided with clamp and tangent screw for 
slow motion, as at O. 

For the purpose of adjusting to distinct visioUi tho object 
glass is thrust outwards by means .of a milled-head at the side 
of the telescope, but which is oonoealed in our drawing from its 
being on the other tide ; tiiis is to adapt the glato to the sight 
of t£e observer, and to his distance from the object observed ; 
distinct vision, or the proper focus, in obtained when, I7 moving 
the milled'h^ the object observed appears clear and sharply 
defined ; when it does so happen that tne milled-head alone does 
not give this, move the eye^pieoe in the eye-piece tube. 

When looking through the telescope the sight embraces a 
considerable fi^ of view i but when making observations we 
only seek for one point in it, which is considered as the centre ; 
it becomes, consequently, necessaiy to place some object in the 
focus of the en^e-pieoe, and when makmg observations this ob- 
ject must coincide, or '* bisect'" that on which we are observing. 
The fixed point requfared in the telescope is obtained l^ the 
inteiseetion of lines of spider's web, attached to a 'diaphragm, 
as seen at Fig. 68, where these threads are shown as attached to 
a ring of smaller diameter than that of the telescope, and which 
is fixed to it by four small screws acting in opposite pairs, so that 
if one is eased and the other tightened, the nng is moved right 
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or left, or up and down accordinglj m one pair or the other lA 
acted upon, and with these of course the mtetBection of the 
threads ; when this portion of the instrument is in adjustment, 
it coincides with the axis of the telescope, and the line of collima^ 
tion is then correct. In our drawing of the theodolite these 
. screws are lettered d, d. Sometimes there are only three such 
screws. 

A plummet and line are supplied with theodolites; this heing 
attached to a hook placed under the centre of the instrument^ 
guides the observer so that he may plant the centre of the instru* 
ment exactly over the centre of his station, which is a matter 
always to be carefally attended to. There are also two extra eye^ 
pieces, the one called the " diagonal eye-piece,'' for astronomical 
observations, by the use of which the observer avoids an uncom- 
fortable position in making such observations ; the other has fewer 
glasses ajid a higher magnifying power, but inverts the object^ so 
that in looking through it, objects appear turned upside down, 
and an object to the right appears to the left, but this one 
becomes very soon accustomed to, and I would advise the be- 
ginner to use this eye-piece from the first, and condemn the 
other ; there will also be found in the box a small m£bgnifying'> 
glass, a turnHM^rew, and a small pin for turning the capstan^ 
headed screws. 

THE ADJT7STSIENTS. 

When the instrument comes from a g6od maker, it will Vdry 
rarely happen that anything is out of adjustment, but as derange- 
ments of the parts may accidentally occur, it is indispensable 
that the reader should know how to correct them ; and under 
any circumstances it is desirable to examine a new instrument, 
and also from time to time afterwards. 

The Une of coUimation is the first adjustment to attend to ; 
it consists in making the intersection of the wires of the dia- 
phragm coincide with the axis of the telescope. Set up the instru- 
ment on its tripod, and level it b^ means of tlie screws p, p, being 
guided by the Dubbles of the spirit-levels on the vernier plates, 
which should occupy the middle of the tubes. Set the telescope 
on some well-defined portion of any obiect in the distance, and 
adjusting to distinct vision, turn the mill-head in the side of the 
telescope until it appears clear and sharp, and perfectly steady, 
whilst the eye is moved up and down» or nght and left, before the 
eye-piece. In the mind's eye carefully mark the position of that 
on which the intersection of the wires bears. Loosen the two 
screws Just visible in the drawing below the clamp and tangent 
screw 0, oif the vertical Umbf open the clips at the top of the 

02 



84 ADJUSTMENTS OF TRANSIT THEODOLITE. 

" y'8," lift out the telescope, a/nd tu/m the aaie end for end, 
when the bubble will be downward& Now examine, through 
the telescope, if the intersection of the wires still coincides with 
exactly the same object as before ; if so, the line of coUimation 
is in adjustment ; if not, then it must be made so ; if too high 
or too low, the two screws, d, d, must be turned to correct luUf 
the deviation, whilst the other half is corrected by depressing or 
elevating the telescope itself ; if the observer has been careful in 
making his first observation, he will be able to estimate correctly 
this half of the deviation, or very nearly so ; now restore the 
telescope to its former position, and if the coincidence with the 
object remain as corrected, then the line of collimation in alti- 
tude is correct ; if not, exactly the same operation must be 
repeated until it is so ; a similar proceeding will set this line of 
collimation in adjustment laterally, by acting upon the little side 
screws instead of the vertical ones. 

To adjust the level over the telescope. 

The former adjustment having been made with the vertical 
arc clamped, and the clips over the " y's" still open, bring the 
air-bubble of the level to the centre of its run, or of the glass 
tube, by turning the tangent screw O ; now reverse the telescope 
as before, and very carefully, so as not to disturb the verticiEJ 
limb ; if the bubble now again settles in the centre of its run, 
then the level is in adjustment, that is, parallel to the corrected 
line of collimation; but if this be not so, correct half the devia- 
tion bv the capstan-headed screws at the end of the level, and 
the otaer half by means of the tangent screw O ; the same as 
above, this operation must be repeated until this adjustment is 
made correct 

To make axis of the horizorvtal Umb truly vertical. 

Set the instrument as level as vou can by means of the tripod 
legs, being guided by the spirit-levels on the vernier plate and 
that above the telescope ; clamp the collar round the axis under 
the horizontal limb by meaus of the clamping screw, which, as 
before noticed, is concealed in the drawing, and the clamp C of 
the vernier plate being free, turn the vernier plate round, so as 
to bring the telescope over two of the parallel plate screws jp, p, 
and bring the bubble of the level over the telescope to the centre 
of its run, by means of the tangent screw O. Now turn the 
vernier plate half way round, that is 180"*, so that the telescope 
shall still be over the same pair of parallel plate screws, p,p, only 
turned end for end ; if the bubble does not now continue in the 
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centre of its tube, correct half the deviation by means of the 
parallel plate screws, and the other half by means of the tangent 
screw ; this operation must be repeated until in both these 
positions of the telescope the bubble of the level remains in the 
centre of its run. Now turn the vernier plate one-quarter^ or 
90^, round, so that the telescope may be over the other pair of 
parallel plate screws, and by their means bring the bubble again 
to the centre of its run, and now see that it remains so whilst 
the vernier plate is carried right round the limb. This being so, 
and this level being the most sensible of the three the instrument 
is suppUed with, the other two, that is, those on the vernier 
plate, may now be adjusted by means of their screws, that is, 
shoidd they be out of adjustment, for the bubbles of these levels 
should now be in the middle of their tubes. To test the con- 
struction of the instrument itself on this point, tighten the clamp 
C, loosen the coUar round the axis, and turn the instrument 
slowly round; if the bubble maintains the centre of its run 
during an entire revolution all is well, but if otherwise, there is 
a defect which can only be remedied by the maker. 

The vertical Umh. 

All these adjustments being made, the zero on the vernier 
should coincide with the zero of the limb ; if not, make it so by 
means of the screws. 

THE ORDINARY THEODOLIT& 

By the expression "ordinary theodolite'" we designate the 
instrument constanUy in use up to a very late perioa, and still 
employed by a great many. Its capabilities are perhaps equal 
to the transit theodolite above described, but it is certainly much 
less convenient, and involves loss of time. At Fig. 64 is a drawing 
of this instrument, in which similar parts are denoted by the 
same letters as those in Fig. 62; it will at once be perceived that 
the great difference is in the vertical limb M, the attachments of 
the telescope to the rest of the instrument, and the position of the 
telescope level, which is here underneath instead of above ; O is 
the tangent screw of the vertical limb, but the clamp of this limb 
is at N. When it is desired to " reverse the telescope," that is, 
turn it end for end, the pins a, a, are taken out, the clips 6, &, 
are opened, and the telescope is taken out of its " i/s" (so called 
from their somewhat resembling the form of that letter), when 
the telescope may be reversed. Q is a microscope suspended to 
an arm moveable between the bars of the frame for reading off 
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altitudes or depressioiiB on the vertical limb. Any one who baa 
paid attention to the direotiona given for adjusting the tranrnt 
theodolite will easily undemtand the methocf of adjusting the 
instrument now in question. 

To adjust the line of coUimation. 

" First make the intersection of the horizontal wires coincide 
with some well-defined part of a distant object; then turn the 
telescope half round in its * y'Sy' till the level lies above it, and 
observe if the same point is again cut bv the centre of the wires ; 
if not, move It one-half the quantity oi deviation by turning the 
two screws at d, d, releasing one before tightening the other, and 
correct the other half by elevating or depressing the telescope ; 
now if the comcidence of the wire and obiect remain perfect in 
both positions of the telescope, the line of collimation in altitude 
or depression is correct, but if not, the operation must be repeated 
carefully until the adjustment is satisfactory. A similar pro- 
ceeding will set the line of collimation correct laterally." With 
regard to the other adjustments we have only to repeat what 
we have said already about reversing the telescope, as to the 
manner of taking the instrument out or its " y's" 

To maJce the telescope level pcurallel to the line of ooUimcUioru 

The clips b, 6, being open, and the vertical arc clamped, bring 
the bubble to the centre of its run by means of the tangent 
screw O ; this done, carefully lift the telescope out of its " y's/' 
and turn it end for end, If in this reversed position the bubble 
resumes its centre, all is right ; but if otherwise, it will be evident 
that the axis of the level is not parallel to that of the telescope. 
By means of one of the capstan-neaded screws correct one-half 
of the deviation, and the other half by turning the tangent 
screw ; by repeating this operation the adjustment will be 
made perfect. But to complete the setting of this level, that it 
naay maintain the centre of its run when inclined a little on 
either side from its usual jK)sition under the telescope, it requires 
adjusting laterally, which is done by turning, if necessary, the 
two screws k Should the former adjustment be disturbed by this 
operation, then the whole must be carefully repeated. 

With good instrmnenta, duly cared /or, these adjustments 
are but very rarely required. 

QOLOKKli SVEEBST's XHEOPOUTE. 

This instrument has important distinctive features, which are 
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illustrated at Fig. 65. The horixontal limb L oonsists of one 
plate only, on whioh the degrees are graduated ; and the ver- 
niezB y are at the end of bars radiating from the centre, and 
another bar carries the damp C and the tangent screw for the 
Tomiers. At 8 are shown the clamp and slow-motion screw of 
the horiaontal limb. The venuer bars are oonneoted with the 
VLppes: portion of the instrum^it carrying the telescope, vertical 
limb M, &o., and turning upon the same centre they show the 
ande traversed by the telescope. 

The tripod support B is provided with parallel plate screws, 
Py Pi p One advantage connected with this instrument is, that it 
may be used with a three-legged stand, the same as those already 
described, or be disengaged from the top of this staff and placed 
upon the top of a wall, or in other situations where the ordinary 
tripod could not be used. 

it will be seen bv the drawing that the telescope and vertical 
limb are supported in a manner very similar to the transit 
theodolite already described, the horizontal axis connected with 
the telescope resting at Y, on two supports only, one of which 
is seen in the drawing. These are supported by a flat horizontal 
bar, £ 2, to which is attached a spirit-level, only one end of which 
is seen in the drawing ; this level is for adjusting the axis to the 
horizontal plane. The vertical arcs, M M, attached to the tele- 
scope, move with it in the same vertical plane. 

HEASUfil^G ANOLIS WITH THE THIiODOUTli. 

We must now suppose that the instrument is in adjustment,* 
and fixed to its three-legged support ready for use. The first 
thing to be then done is to plant the instrument somewhat about 
level, exactly over the station from which you are going to ob- 
serve, giving the three legs a wide spread, and fixing them as 

* It may be as well to observe here to the begijwer tliat but little anxiety 
need b^ feft as to the adjuatmeuts of an instromeat turned out pf the work 
shop of a good maker, though the student may make an exajnination of the 
value and condition of the instrument as soon as he feels confldent he has 
mastered the principles and details of its oonstruotion: that which he has 
Kally to apprehend is, the danger the inatrumemt ia liable to when brought 
into usei and this not from his own hands but from those of others, particularlv 
chainmen, whose hands it is difficult to keep off the instrument when his back 
is turned for a short time ; let him therefore be advised never to leave an 
instrument on the ground without its being under the care of some person on 
whom he ean thoroughly depend, for the cunosity of an iirnorant man, and 
kis desire to handle that of which he has no conception, is <$6n unreatrainable 
where there is, as he thinks» no fear of detection, and has often led to serious 
errors. When the day's work is over restore your instrument to its case, 
and keep the key ; the sense of security thus ensured more than repays the 
few minutes of trouble incuir^d. 
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firmly in the ground as circumstances will admit ; the length of 
this tripod is made such that when a sufficient spread is given, 
the height of the eye-piece of the telescope will be such as to be 
convenient to the observer ; the position of the centre of the 
instrument being exactly over the centre of the station, is ensured 
by the plummet and line hanging from the centre of the instru- 
ment being close over it, if it be a peg in the ground, or in the 
hole itself, when a flag pole has been removed to make place for 
the theodolite ; now set it level by means of the parallel plate 
screws, p, p, until the bubbles of the two spirit-levels on the 
vernier plate keep the centre of their run, whilst the telescope is 
turned steadily quite round on its centre ; the instrument is now 
ready for measuring angles. 

Let A, Fig. 66, be the station ; it is required to measure the 
angle subtended between B and C ; clamp the zero of the vernier 
plate y, to zero, or 360"" on the limb, and make the coincidence 
perfect by means of the tangent screw T ; examine the zero of 
the other vernier, and see that it coincides with 180° ; move the 
instrument bodily round towards B, until the intersection of the 
wires in the telescope is in contact with the object at B ; clamp 
the instrument by means of the screw attached to the collar 
round the axis, and make the " bisection'^ of the Avires with the 
object at B perfect, by means of the slow motion screw S ; this 
exact bisection can only be ensured when clear and distinct 
vision has been obtained by means of the mill-head in the side 
of the telescope for thrusting out the object glasa The line of 
sight now coincides with zero, or 360° on the limb, and both bear 
exactly on the centre of the object at B. Now release the vernier 
plate by loosening its clamp, and turn it round until the inter- 
section of the wires is in contact with the object at C ; now 
tighten the clamp of the vernier plate, and by means of its 
tangent screw T make perfect the bisection of the centre of the 
wires with the centre of the object at C ; if there is any con- 
siderable diiFerence of distance between B and C from A, the 
mill-head of the telescope will have again to be turned to ensure 
distinct vision; the angle is now measured, and there only 
remains to read it off from both verniers ; let the one pointing 
to C read 62° 37', and let the other vernier show 36' 30" beyond 
a degree ; then the mean of the minutes will be 36' 45", and the 
measure of the angle will be 62° 36' 45". 

In ordinary cases, and supposing a 5-inch theodolite used, the 
above measurement of an angle, read off with both verniers, will 
be found sufficient ; but where a considerable area is triangulated, 
or where distant observations are taken from a base line,* as well 

* Let it« however, be understood that we are not alluding to geodsetical 
operations. 
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as in travei^ses of several miles circuity the angles should be 
repeated, and the mean of all observations taken as the real 
measure. 

The operation of repeating an angle is performed in the 
following manner : — Having, as above, taken the first measure- 
ment, loosen the clamp of the lower pkUey whereby you release 
the whole body of the instrument, and turn it bodily round upon 
B : clamp the lower plate, and perfect the bisection, by means of 
the slow motion screw S ; and observe that in doing this you 
have carried the 360° from its bearing on B, round to o, and the 
vernier bearing on C, round also so as to b^ on B. Now release 
the upper or vernier plate, and turn the telescope towards C ; 
clamp it, and perfect the bisection by means of the tangent screw 
T ; read off both verniers again ; the difference between this 
reading and the first will be twice the angle B A C, and the 
mean between this and the first reading is to be taken as the 
actual measurement of the angle ; this one repetition will gene- 
rally be found sufficient, unless it should so happen that the 
difference is considerable, say, for instance, 45"", or a whole 
minute, in which case we should repeat the angle a second time, 
by carrying the circuit further round, in the manner above 
described ; this will not occur with a good instrument. 

In taking an angle as above, many persons do not think it 
necessary to begin by bringing the zero on the vernier to coin- 
cide with the 360'' on the limb ; they simply clamp the two 
plates together, and take off the reading, whatever it may 
happen to be ; the telescope is then brought to bear on B, and 
the limb is clamped ; the vernier plate is then loosened, and the 
telescope carried round towards C ; the vernier plate is clamped, 
and bisection perfected by the tangent screw ; the reading is 
again taken off {always bv both verniers, and we shall, there- 
fore, not repeat tnis), and the difference between the first reading 
and the second will give the actual measurement of the angle. 
For this mode of acting they allege the errors arising from 
graduation and eccentricity, and the probabilities that the verniers 
cannot in consequence be brought exactly to 360® and 180** ; but 
this is one of the first things that should be examined in an 
instrument; and we should be disposed to reject an instrument 
in which we could not effect this. Again, the difficulty, under 
any circumstances, to effect the exact coincidence, is asserted ; 
although, in fact, in a well-made instrument, of sufficient size, sav 
five inches, there is no more difficulty in reading this off, and, 
therefore, making it perfect, than there is in any other reading. 
Adopting, however, either way, the angle may be correctly 
measured ; usually, where one angle merely has to be measured 
without repetition, we adopt the second method, above described ; 
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but whom saveml angles have to be taken at one (rtation> and theie 
have to be repeated, we peeif^ making the coineidence perfect 
between the zero of the vernier and the 360^ and the 180^ on 
tine limb. 

The theodolite is the cmly instrument used in engineering field- 
wfurk for setting out long, strtught lines, such as me basis of a 
system of triangulation, or those of a railway or canal survey ; 
and here the advantages of the transit theodcdite are made very 
evident. To do this, we clamp fast the verniers at 180^ and SSO"", 
and observe, with minute eare, that the coincid^ioe is perfect ; 
than we plant the instrument at the statbn through which the 
base line is to be ranged, and bring the instrument bodily round 
on the stortingtpoint, and damp it ; perfect the bisection with 
the back object by means of the sbw motion screw S, making 
this bisection aa near the ground as possible, and reverse the 
telesGope by making it revolve on its axis, if a transit, or by 
reversing the telescope in the dips if the ordinary theodolite ; 
now examine that your verniers remain in perfect coincidence with 
180° and 860'' on the limb, when you may proceed to set out 
rai^ngrrods as far as you can see over the Around ; but always 
make the bisection of tiie wires as low down on the rod as 
possible. Probably it is onneoessary to observe, that in doing this, 
the first operation after fixing the instrument by means of the 
plummet and line Is to level it by means of the parallel plate 
sorewB ; without which, indeed, nothing is to be done. Having 
ranged, as far as the theodolite commands the ground, move on 
to the next commanding situation on the base, and repeat what 
has just been describecL Miles of straight line may be thus 
set out 

There is another kind of transit theodolite made by Messrs. 
Elliott, from a pattern, we believe, of the late Mr. Aendel, in 
whieh there is no vertical limb, and which, on most of the occa- 
sions arising in practice, we should consider an instrument to be 
preferred to any we have seen. 
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A TBAVUflB ift ft polygonal or mftny-sided figure asftumed by a 
number of atrMght lines lying in vimom directioni, and wliicb> 
by g^ng North, South, IJofit, or West, we follow from a given 
point, until we return to it ; in trftcing this oircuitoua route, it is 
neceasary to measure the lengths of the sides, and also the angles, 
before we can make a plan of it We shall best explain this 
method of surveying by referring to the lines in Fig, 67* I^t 
a survey be required of the area contained between the stream 
and the road ; set out the lines A 6, B C, C D • , , , N A ; 
measure the lengths of the sides and the angles, and it will be 
evident that the figure may be laid down on paper. The method 
of propedure in the field is as follows :^-* 

Starting from a point at which you can make observations on 
surrounding obiects, m at A, set out the lines Ao, A 0, A B» aod 
plant the theodolite at A, in the manner above described ; damp 
the limb and vernier plates at 360°, or zero, and turn the whole 
instrument round until the magnetic needle points steadily on 
the North and South line N S, and damp it firm in that posi* 
tion l^ means of the damping screw which tightens the collar 
round the' axis, Haviug perfected this, release the vernier 
plate, and bring the telescope to bear consecutively on A a, A O, 
A H, A P, A E, and lastly on A B, damping the vernier plate 
each time, and perfecting the bisection q{ the cross wires with the 
oUeot observed by means of the tangent screw T ; having oare* 
fully entered at station A all the angks made bv the above lines 
with the magnetic meridian, and leaving both clamps firmly 
fixed, the last reading beinff with the telescope bearing on A B, 
remove the infitrumeut to B ; plant it at this station, and care* 
fully level it Release only ihe clcmp screw of the Imh^ that 
is the damp connected with the collar round the axis of the in« 
stniment ; the vernier plate must not be in the least disturbed, 
or you will have to beffuoi over again; turn the theodolite bodily 
round, so that the telescope rmerBed may bear on A, where a 
man must be left to hold a flag pole, damp the limb and perfect 
the contact by means of the slow motion screw S, and examine 
the readings of the verniers to see that no disturbaoQ^ ha4 ta](eA 
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place. A few words axe now required with regard to the tele- 
scope being reversed ; this operation places the horizontal limb 
and the verniers in precisely the same position with regard to 
the magnetic meridian as that which is occupied at A ; if, for 
instance, at A, the bearing of A B was 31 *" East of North, by 
doing as directed you have similarly placed the theodolite at B, 
with the same vernier still pointing 31° East of North, and it is 
the second veimiefi^ lying diametricaily opposite, which now 
points towards A, and reading on the limb 31** + 180** = 211^ 
The new position of the theodolite being now understood relative 
to the limb and the verniers, we may proceed with our work. 
Release the upper or vernier plate, and turn the telescope round 
to bear on C ; clamp and perfect the contact vdth the tangent 
screw T ; read both verniers to get the mean of the bearing 
B C, which is here 96° 5' ; now move the theodolite to C, release 
the horizontal limb, turn the instrument bodily round to B, clamp 
and perfect the contact, release the vernier plate, turn the tele- 
scope round to D, clamp and perfect the contact with the screw 
S; by reading off your instrument you get the bearing of CD, 
which here is 30° 5' ; proceed in the same manner at D, E . . . 
M, 0, at which station, when you have fixed the back sight on 
M, and turned the telescope round towards A, the verniers 
should give exactly the same angle as was read off at A, with 
the telescope beanng on O ; and this because O A makes the 
same angles with the meridian N' S' that A O does with the 
magnetic meridian N S.* If it be so, then the angles have been 
correctly taken ; if otherwise, then the difference is the error 
committed. Besides taking at A the bearings of A O and A B, 
we have taken those of A a, A H, A P, and A E ; the bearing of 
A a was taken in order to lay down the bit of road beyond the 
bridfi[e, and to show the position of such road in connexion with 
the lands surveyed ; and also in case the survey has to be ex- 
tended in that direction, as in such a case the instrument would 
be planted at station a, and the back sight fixed on A, in the 
same manner as directions have just been given for doing at 
B, C, D, &a, until we had made another circuit ; with regard 
to the bearings of A H and A E, they are here only as checks 
on the work as it proceeds, for it will be observed that E A 
makes with the meridian N'' S" at E the same angle West, 
that A E, at A, makes East with N S ; these observations have 
equal weight with regard to the bluings A H and HA; we 
have here taken H and E as points at the other end of the 
survey, and of which full view could be had from A ; otherwise 

* For all purposes of engineering field work we may consider tlie meridians 
as parallel lines. 
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any other points as F, O, or I, would have been taken if con- 
venient ; as regards the various bearings on P, let it be observed 
that these also are checks, for if there is any error, these bear- 
ings will not all intersect at P, when the work is plotted and the 
bearings A P, £ P, G P, &a, are laid off with the protractor. 
It is of course necessary that they be taken on some object in a 
commanding situation, such as we may depend on seeing, if not 
aU round the traverse, at least at several points. Judgment is 
required in selecting such points, as they may often be very useful 
to chain upon in order to fill in interior work, as fences, build*- 
ings, &C. On an extensive traverse this should particularly be 
kept in sight, as it prevents the necessity of having again re- 
course to the instrument when we come to fill in. It will now 
be observed that not only care, but judgment also is re(|uired, 
not only in setting out the traverse itself, planting the instru- 
ment properly, and taking the angles or bearings, but also in 
laying out the interior work to the best advantage at the same 
time, and so as not to be obliged to bring out the instrument 
again ; which not only saves time, but also chances of error, for 
it must be remembered that the greater the number of observa- 
tions we can take from one station, the fewer stations for 
an^ilar observations will be required, at least as a general rule. 
All these matters considered, a day will often be occupied in 
taking all the bearings that may be required on a traverse of 
any extent. As a general rule, lay out your lines as long as pos- 
sible, as th^eby you avoid an excess in the number of your 
stations. It is also to be observed that in our diagram the 
stations in the road are all shown as in the centre of it ; but this 
has merely been done to avoid confusion, and not to be followed 
as a rule ; on the contrary, it is to be avoided, inasmuch as all 
these stations require to be carefully marked, either by driving 
a picket, or making some other mark, which is often very 
awKward to do in the centre of a road ; place your stations, 
therefore, as convenientiy as you can somewhere near the road- 
side, but so that vou cau there plant your theodolite. This is 
merely mentioned that the subject may not be altogether lost 
sight of, as many ways of settling these minor matters will 
suggest themselves to any intelligent mind as circumstances 
arise, it being merely requisite that the stations be marked so 
that they may be found to a certainty when wanted, and so that 
the instrument n:iay be planted over them, and observations 
convenientiy taken. The traverse being thus set out, the sides 
are chained and the of&ets taken in the usual manner, which 
has already been explained under the head of chain surveying. 
With regard to the magnetic needle care is required lest it be 



94 TRAYBRSING. 

« 

aflfected by fttiy local attraction ; by pursuiiig the above method 
there will be opportunity to obwnre this at each succeeding 
station, as the back angles with the meridian are equal to the 
forward angles. 

There is a considerable advantage in taking from the starting* 
point A such bearings as A H and A E, for it subdivides the 
larger polwon into smaller ones, as in our eicample, where the 
figure A Is, £ C ... O A, is subdivided by the above bearings 
into the smaller polygons A B, B . . . £ A, and AB, BO . . . 
H A ; we are, therefore, enabled to check the work as we pro- 
ceed, for in the same manner then the three angles of a triangle 
are equal to two right angles, and the four angles of a four-sided 
figure are equal to four right angles ; so all the interior angles of 
a polygon are equal to twice as many right angles, less four, as 
the figure has sides. The proof of this may be seen in figures 
68 and 69 1 in the first, let the polygon ab,oo , . .ko^he divided 
into triangles, by drawing lines from each angle of thepcdygon to 
uny point o, in the interior of the figure ; then because the thiM 
anglesof a triangleare equal to two right angles, we shall have twice 
as many right angles as the figure has sides, for there is a triangle 
for every side ; and aU the angles formed by the lines intersect* 
ing at o, are together equal to four right angles ; subtracting 
these, we shall have for remainder twice as many right angles^ 
less four, as the figure has sidea In Fig. 69^ fitnn any point a 
in the polygon dniw lines to each of the remaining angles, as 
ae,ad,bo.\ the polygon will thus be divided into as many tri- 
angles as the figure has sides, less two, for there is only one tri- 
angle for each of the two sides a&, be, and ai, iki and (me 
trianele for each of the remaining sides. In any case, thwefore, 
multiplying 180*" by the number of sides of the polygon, minus 
two^ will give the interior angles of the polygon. 

llius, in Fig. 67, where the polygon has thirteen sldel, all the 
interior angles will be equal to ISO"* x 11 ; or to SO*" x 26 - 860°. 
In the same manner, the angles of the polygon A B, B « » • 
E A » ISO"" X 8, because the figure has five sides ; and the angles 
of the polygon AB, BC . . . H A« ISO"" x 6, the figure having 
eight sides. 

The rules often given to find the interior ancles of the polygon, 
lead rather to conmsion than anything else ; nie simplest way is 
to carry a small semicircular protractor, about 8 inches in 
diameter, in the pocket, ftnd plot the bearings in the field-work, 
merely writing in the degrees and minutes, &c., inside the several 
angles ; or even to sketch in two lines, at right angles to each 
other, for the magnetic meridian and the East-West line ; and 
sketch in your bearings as you go along. Many surveyors sketch 
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or roughly plot a traverse in a field-book, quarto size, instead of 
that which we have formerly mentioned under the head of 
" Field-book ;" a very good way where the traverse is small, and 
the weather is such as to admit of tfie use of such a book in the 
field ; but it is very inconvenie&t in Wdt, stormy weather, when 
time presses, and the work must go on. 

After reading th« observations ihat will now be made on the 
subject of "plotting,'' or laying down the field-work on paper, 
the student is advised to lay down any irregular palygon on a 
large sheet of paper with a protractor, setting off also parallel 
lines to represent the meridians; by this means he will find con- 
siderable assistance to the better understandiilg of this very 
important subject in the matter of surveying ; for want of any- 
thing more perfect^ he may construct a paper protractor in the 
manner shown at p. 89 , which will answer his purpose perfectly 
well for a traverse of small extent He will thus be able to 
study how the theodolite is worked, before going into the field, 
and study some of the features of a traverse. 
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CHAPTER VII. 

PLOTTING AND PROTRACfTING. 

Ci/rcuLaT Protractors, — HowhtCa Semicircular Protractoi\ — 
Metcdlfe's Protractor, — Laying Down Angles by Chorda. — 
Protracting by Northings and Southings^ Eastings and 
Westings : Sines and Cosines, 

There are several ways of laying dowQ a survey on paper, 
which is called plotting ; the term protracting being applied to 
setting off angles on paper with an instrument called a 
protractor. 

If the survey has been made entirely by triangulation, we may 
plot the chain lines by laying down their lengths either with the 
ordinary or with the beam compasses, or protracting the angles of 
the triangles, if these have been taken. Where the sides of tlie 
triangles are of considerable length, the beam compasses will 
have to be used to lay down measured lines, or those of which 
the lengths have been calculated ; we have already given some 
explanation of this under the head of " Chain Surveying,'' and 
we shall have an opportunity of saying more upon the subject 
further on. 

To plot a traverse a protractor is required, unless we resort to 
the system of " Northings and Southings, Eastings and Westings,'' 
or of '^ Latitudes and Departures " we shall explain the method 
by the protractor first, being that most usually applied. 

Under any circumstances, however, the first thing is to be 
careful that the sheet of paper is large enough to contain the 
work ; if there be no other means of ascertaining this, plot the 
survey first to a small scale, which will give the size of the sheet 
of paper required ; when this point is settled, be careful to begin 
plotting so as to be able to get the whole of the survey into the 
map without having to make any joints. 

PROTRACTOBS. 

There are numerous kinds of protractors^ all constructed dif- 
ferently, but for the same purpose of protracting angles. 

The circular protractor is illustrated at Fig. 70, and consists 
of an entire graduated circle or limb, and four radial bars, 
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b, b and c ; a piece of the brass metal is removed from the 
centre, and a circular piece of glass is inserted in its place, on 
which is marked the centre of the instrument ; round the centre 
is a collar carrying the indices I, I, with verniers ; at the end of 
the index bars are two branches B, B', both of which, when the 
instrument is in use, are open, as at B, but when packed away are 
closed, as at B' ; these branches carry at their extremities fine 
steel prickers, the exact centres of which must form one straight 
line with the centre of the instrument, if correct ; by means of 
the springs a, a, &c., these points are kept off the surface of the 
paper when the arms are moved round ; and therefore to prick 
off an angle when the instrument is in use, a slight pressure 
upon the buttons, as at B, is required, which leaves a fine punc- 
ture on the paper ; a line drawn through one of these points and 
the point on which the centre of the instrument is set, will give 
a bluing or an angle with any other line previously determined. 

Obaerve that with the circular protractor, if the centre has 
been correctly set over the angular point from which an angle is 
being set off, the two punctures from B and B' will form one 
straight line with the angular point, and not otherwise. 

This instrument is provided with clamp and tangent screw 
motion, T, by means of which the verniers are set to minutes, and 
as there are two verniers, we have the means of checking the one 
by the other ; either with this instrument or the theodolite we 
have always the means of ascertaining the reading of the back 
angle vernier, by adding ISO"* ta the angle read off by the first. 
The face of the glass centrepiece is placed as nearly even as 
possible with the under surface of the instrument, so that no 
paralla^^ may arise from too e;reat a space between the surface 
of the paper and that of the glass carrying the centre of the 
instrument 

This instrument, as constructed by Messrs. Elliott, is the most 
complete we have, and by the fulfilled requirements assimilates 
the nearest on paper to the conditions of the theodolite in the field. 

It is steadied to any position on the paper by means of short 
points attached to the under surface. 

From the description of the theodolite, and of the method of 
udng it, the nicety required in the observations, as the planting 
over the exact station point, the readings of both verniers, and the 
repeating of the angles under many circumstances, it will at once 
be perceived that to make the precautions thus taken in the field 
of any value in the office, some special means must be taken to lay 
down the observations on paper with anything like equal fidelity ; 
for otherwise time would be thrown away on the field-work. 

To lay off the lengths of long lines, great pains are taken in 

H 
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the oonstruction of beam compasBee. Similarly mill protractora 
much thought has been devoted at different times to devising an 
instrument that shall lay down angles with the greatest possible 
accuracy, when a proper method is appUed. 

That the reader may appreciate all the difficulties that may 
arise in protracting the angles of a survey, we will endeavour to 
o methodically through the process of plotting the traverse at 
ig. 67. On the left hand side of the paper draw a straight line, 
N S, representing the magnetic meridian, and with a fine needle 
point prick off the station A, at which the work commences ; 
over this set the centre of the protractor with the 860° and 180"* 
divisions coinciding with the meridian ; set the zeroes of the 
verniers to these dimionsi and press the buttons at the ends of 
the arms B B' ; the punctures thus made will be exactly on the 
meridian N S, if the centre of the instrument is correcUy placed ; 
if this is so, gentiy press the protractor on to the paper to 
secure it Loosen the damp, ana move the index to tne angle 
NAB, which is the first bearing; damp and perfect tiie 
reading by the tangent screw T, attending to both verniers, and 
make a puncture, which mark as No. 1 ; next set off the bearing 
CBN'", and mark it No. 2 ; then D CN"^ which mark No. 3 ; 
and so on round the figure ; set off at the same time the bear^ 
in^ of A a, AH, A B, and any others in jbhe fidd-book ; lastiy, 
fanng the zeroes of the verniers again to 360^ and ISO"", and 
press the buttons ; if the instrument haa not moved, the points 
will press into the same punctures as were made at first 

Now with a straight rule draw in the bearing A B, through 
ihe point A, and that marked No. 1 ; on this Une set off the 
length of the chain line; next place the edge of a 
parallel rule on A and No. 2, and parallel to tiiis line 
through the point B last marked off as the length of 
the diain line, draw the line B C, and placing zero of 
your scale at B, make B C equal to the second chain line ; now 
place the rule on A and No. 3, and parallel to it draw C D, and 
make this also equal to the length of the chain line ; proceed 
thus until you have completed the sides of your traverse ; if all 
is correct, not only the « last chain line, OA, will measure on 
paper as in the field, but the bearings of A H and A £ will 
pass directiy through the stations H and E. 

We may now observe, that the degree of accuracy to be 
attained will much depend on the extent of the traverse ; if small, 
and the work is fairly done, it will ^' close " easily enough ; but 
the difficulties will increase with long lines, when parallel rulers 
become next to usdess, and another system has to be adopted ; 
as also with a great number of angles, when we must endeavour 
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to subdivide minutes into seconds by means of the two venders ; 
that is if seconds be entered in the field-book. It will be 
evident that if the chain lines are long the traverse will be of 
corresponding extent, and that the difficulties of working the 
parallel rulers over it will be in proportion ; in the same manner, 
if the angles are numerous and carefully taken, seconds in 
several instances will probably have been read ofif, which, if 
repeatedly neglected, and on long chain lines, may involve an 
actually practical error. One way of overcoming these difficulties, 
may be by carefully drawing a parallel to the first meridian line 
through every third or fourUi angle, and protracting the angles 
from the last angular bearing found ; but considerable care must 
be observed in drawing the parallels ; we shall, however, pre- 
sently describe a more easily practicable method, known as 
Hewlett's, and which, on extensive traverses, may be resorted to 
jointly with the method just described, the one checking the 
other. On the other hand, the traverse may be so small and so 
easily plotted, that even the paper protractor we have described 
in another place may be sufficient to close the work correctly ; 
between such a simple case and one with numerous difficulties, 
the reader must apply a discerning intelligence according to the 
dieumstances and magnitude of the case. 

It is now some years since Mr. Hewlett, chief draughtsman to 
the Ordnance, made the following observations on tiie ciioular 
protractor, which are « deserving of the greatest attention, but 
which he himself probably never intended to be followed blindfold. 

^* The circular protractor, at the price of from four to eight 
guineas,* is genenklly considered the most perfect kind of instru- 
ment for plotting the angles of a survey ; but against this in« 
strument there are the five following objections : — 

" It is only steadied b^ being attached to the paper by pins ; 
and in moving the arm it is liable to shifLf 

** As the vernier has to be set while the protractor is fixed on 
the paper,]: and cannot be held to the light, it is next to impos- 
sible in some positions to see the divisions ;§ or if the protractor 
he taken from the paper, time is lost and error is caused by 
having to replace it on the working meridian, 

* Elliott's eiffki'isich ciroolar proiraotor ia 71. 17«. M, . 

t We have had this instroment in use for many years without meeting with 
this accident, which must arise from not pressing down the instrument when 
fixed in its place, or from the map bying loose and unevenly, in which con- 
dition it is not fit to be plotted on. 

t When several anffl»i are protracted^ from the same point this must be 
the case either with the circular or semicircular protractor. 

J This inoonyenienoe will not occur with a seven or eight-inoh instrument 
such defect appliM equftlly to the semidrmilAr instrument. 

H 2 
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" When the whole set of angles required are set off and num- 
bered, they have to be transfeired to the station, one after the 
other, with parallel rulers, in doing which much error creeps in, 
both while setting the edge of the ruler against the points, 
and then in shifting the ruler along to a distant part of the 
paper.* 

" It is a very delicate instrument, liable to be soon strained 
and rendered unfit for use.f 

" Lastly, the general inaccuracy of the method which this 
instrument implies — ^for the sources of error are so many that 
the work cannot be brought to a close in a satisfactory manner — 
and when done, it is little better than a survey plotted by a 
common protractor, where the degrees and half-degrees only are 
marked.^J 

• • « • • 

« « « « • 

/' In making surveys of estates and parishes, while on half- 
pay, I suffered much for want of a better system of plotting 
than any I could find after making every inquiry, and searching 
books on the subject Such methods do not meet the exigencies 
of practical men, and hence it is usual to employ the chain alone. 
The theodolite is very little used among private surveyors : they 
reject the system altogether ;§ and, indeed, many use the chain 
so skilfully that, under ordinary circumstances, it leaves nothing 
better to be desired. The theodolite is, however, an invaluable 
instrument; and if the proper use of it, together with a more satis- 
' factory meUiod of plotting, were more generally known among 
private surveyors, much of this prejudice would certainly give 
way/' 

Mr. Hewlett then goes on to mention his pattern semicircular 
instrument, which is well known in the profession as " Hewlett's 
Protractor," and of which an illustration will be found at Fig. 71 ; 
he then goes on to make the following very just observations : — 

* This defect entirely apijlies to the method of using, and not to the oon- 
stmction of the instnunent itself. 

f The branches of the arms, as will be seen in the drawing, are liable to be 
strained if the instrument is not taken care of ; but there is no reason what- 
ever why the arms should not be constructed the same as those of the semi- 
circular protractor. 

X This is a very strong and sweeping charge, and must be taken not only 
cum arano, but ckm grants, 

{ This will not bv any means be found the case at present, and there are now 
few surveyors witnout a theodolite, and cases constantly occur where it is 
next to impossible to produce a good survey with the chain alone ; for engi- 
neering field-work a theodolite is constantly in requisition. 
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** Ajs when away from home, it seldom happens that the sur- 
veyor can obtain a good drawing board, or even a table, with a 
good straight-edge, I fix a flat ruler, A, Fig. 72 to the table, B B, 
by means of a pair of clamps, C D, and against this ruler I work 
the pattern square, E, one side of which has the stock flush with 
the blade ; or if a straight edged board be at hand, then the 

3uare may be turned over, and used against that edge instead 
the ruler A. Here, then, is the most perfect kind of pcurallel 
ruler that art can produce, capable of carrying the protractor 
over the whole of a sheet of plotting-paper of any size, and may 
be used upon a table of any form. It is convenient to suppose 
the north on the left hand, and the upper edge of the blade to 
represent the meridian of the station. 

" This protractor is held in the hand while the vernier is set, 
which is an immense comfort to the sight ; and it will be seen 
that as both sides of the arm are parallel with the zero and 
centre, the angle may be drawn on the paper on either side, as 
the light or other dbrcumstances may render desirable. 

" From this description, and a mere glance at the plate, it is 
clear that angles taken with the theodolite can be transferred to 
the plot as accurately as the protractor can be set^ namely, to a 
single minute, and that, too, in a rapid and pleasant manner.* 

" By means of the notch at the end of the arm, this instrument 
may be used in the manner of a circular protractor, should a 
square not be at hand.'' 

The above method of Mr. Hewlett's is generally a very 
valuable one, and leaves nothing tabe desired in ordinary case& 

There is another kind of semicircular protractor, a modifica- 
tion of *' Hewlett's," and known as Metcalfe's, illustrated at 
Fig. 73. The principal addition to this protractor is a contri- 
vance at A, by means of which the radius is turned into a scale, 
so that distances may be set off at the same time that an augle 
is protracted ; there is a scale on each side, and the vernier is 
cUmble so as to apply to each. For 'extensive general surveys, 
plotted to scales of tnree or foiur inches to a mile, this is a decided 
addition: when the instrument is used for this purpose, first 
adjust the vernier to the scale according to distance, then adjust 
the vernier according to the riven angle, and, laying the instru- 
ment along the T square, adjust the zero of the scale to the 
station point on the plan. Diagonal scales, corresponding to 
those on the arm of the instrument, are engraved upon it 

It need scarcely be observed that in using either of the above 
protractors for plotting a traverse, the first bearing or angle being 

* With a seven or eighi-inoh protractor we can read much closer than this. 
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protracted, the line is drawn in,- and by a scale made the length 
of the chain line ; the blade of the T square is then pushed to 
the station thus found, the next bearing set ofi^ &c. ; and this 
operation is repeated until the whole of the lines are laid down, 
wnen the corresponding oflbets are afterwards plotted also^ and 
this part of the survey is complete. 

Although for most ordinary cases these semicircular protrac^ 
tors, used in conjunction with the T square^ comply with most 
requirements, it will be observed that there is no check as to 
the instrument being exactly over the centre of the station, such 
as is afforded by the circular protractor when both arms are used. 
Also^ when a long line has to be laid down, we have only two 
points to do- so by, instead of three, which is a decided advantage 
m the circular instrument; where, for engineering purposes, 
plans of townlands are often required to scales of 80 and 40 feet 
to an inch, lines of great length on paper have often to be laid 
down, in doing which, unless great care is observed, a mistake, 
amounting to six inches or a foot on the ground, will soon creep 
in, and occasion considerable trouble. Much the same observations 
hold good with regard to the bases for a working survey for a 
canal or railway. 

Protracting by Chords. — For laving down the sides of tri- 
angles, the protraction of angles oy chords is often very con- 
venient where angles have been taken, but some of the sides not 
measured. An example will best illustrate the manner of doing 
this :— From the base A B, Fiff. 74, measuring 210 chains, to 
fix on paper the objects C, D and E, the angles at Abeing CAB 
= 41j DAB = 75<-10'; EAB = 110M2'; andCBA.= 48^ 
DBA = 48^ EBA=20^ 

Tabulate your angles in the following maimer in pairs : — 

Sine. 
C A B=^ =5«0«> 36'2=-8502 X 9a 7004 X 21000=14708 

B A=^ =91° 80'a=-8666 X 9sat -7830 X 21000=:l68-98 

D AB=l5^a3y« 86'a«'6099 X 9ssl-9198 X 910-00=96615 

Ago 
DBA=^ ss94° 0'a-4067x2= •8134x210 -00=] 70-81 

•EAB=:Jijil=10° 6'=s-1754x2= •3608x21000= 7367 
BBA=a20° asl0« 0'aa'1736x2s= •3472x210-0035 72*91 



• Obaerre that llO** 12'=90°+20*' 12. 
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By means of any protractor \7hatever, or eyen by guess, set 
out lines approximating to the angles required ; set the beam- 
compasses to 210 chains, and from A and B, as centres, describe 
portions of arcs opposite the lines set off as the approximate 
angles. Next, set your compasses to 147*08, and from B, as a 
centre, set off this first chord, and mark the intersection as No. 1 ; 
next set your compasses to 153*93, and from A make the 
intersection No. 2 ; draw in the lines A 1 and B 2, and their 
intersection will give the point C, and the angles CAB 
andCBA 

Next set the compasses to 256*16, and from B find intersec* 
tion No. 3 ; and with 170*81 in the compasses describe from A 
the intersection No. 4s ; draw in A 3 and B 4, produced so as to 
get the intersection D, and the angles DAB and DBA With 
regard to the triangle AEB, obserye that the obtuse angle 
llO** 12' is equal to 90*^ + 20° 12, and that we have only to set 
out the chord of 20'' 12^ beyond 90"*, to obtain the desired in^ 
tersection ; twice the sine of 45** x radius = 296*98 ; from B, 
with this distance in the compasses, set off the intersection 90^ 
and from it, with the length 73*67, mark off the intersection 
No. 5 ; also from A, with the distance 72*91, set off intersection 
No. 6, to find the point E, and the angles E A B and E B A. 

This method will appear tedious, but where the angles are 
subtended by lines of three and four feet, and sometimes eyen of 
twice and three times this lengthy ordinary protractors are of no 
use, and this method by chords is extremely useful 

Plotting a Traverse by Northinas and Southings^ Eastings 
and Westings^ or by Difference of Latitude and 
Departure. 

Reference to Figs. 68 and 69, or a glance at Fig. 75, will show 
that in going round the perimeter of either of the aboye figures, 
it will be necessary to trayel as much north as south, and as 
much east as west ; that is, that starting northwards from any 
point on the perimeter or outline of the figure, and then return- 
ing to it, the distance trayelled south must be equal to that 
trayelled north before the starting point can be again reacbed^ 
and the same as regards east and west ; thus in Fig. 66, going 
north from A to b = going south firom b to A ; and going east 
from 6 to B = going west from B to b ; so that in going from 
A to B, and returning to A, the distance trayelled north b that 
trayelled south, and the distance east s distance west ; or in 
other words, the northings ~ the southings, and the eastings ^ 
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the westings ; similarly as to all the other sides of the polygon^ so 
that all the northings = all the southings, and all the eastings = 
all the westinga 

As regards the angles formed by the bearings with the meri- 
dians « we may consider the northings and southings as the 
cosines of the angles, and the eastings and westings as their 
sines ; thus A & is the cosine, and B 6 is the sine of the angle 
&AB, and Be is the cosine, and Co the sine of the angle 
N' B C, or its supplenfent C B c;t and d C is the cosine, and D d 
the sine of the angle D Cd ; and D e is the cosine, and F e the 
sine of the angle N" D F, or its supplement F D e. 

Taking, therefore, every bearing formed with meridian as the 
angle, and each side of the polygon or " traverse," as radius, we 
can by means of the tables of sines and cosines ascertain the 
northings or southings, and the eastings or westings. 

When the bearing is not above 90°, enter the reading as N.R 
or N.W., in the column allotted to bearings, in the following 
form ; if greater than 90"*, subtract it from 180°, and enter the 
remainder in the column of bearings ; if greater than 180°, and 
less than 270°, subtract from 270°, and enter the remainder ; if 
greater than 270°, and less than 360°, then subtract from 860°, 
to find the proper entry. From the tables of sines and cosines 
enter in the column of signs the cosine and sine for each angle. 

No. of Ti,--i._ /<K.i..u ei.^. North- Soutli- E«»t- VTtA- 

StaUon. B*"""*!*- Chiimge. Blgni. ,„p ^^^ f^^ ,,^ 

1 N40E «-00 - ^ '6427 -^'^^ " - ^'^^ - » 

8 S60B «05...^:|J2J ^■^*-- "'**•• " 

3 N SOW 400 ... ^- igSJo-.S-iO „ ... „ ...200 

&c. &c. &c. 

The northings and southings are thus the products of the 
chainage by the cosines of the ang^les, and the eastings and 
westings are the products by the sines. By means of these a 
most accurate method is obtained for plotting a traversa On 
the assumed meridian, as N A W, plot the lengths due to the 
northings and southings ; through the points thus found, draw 
in lines perpendicular to the meridian, as through &, d, d\ e' and 
g, on which set off the eastings and westings, as & B ; c C, both 
eastings; c C— c? D, westing; e F, easting; e'F—g G westing; ob- 

* These meridians we may, in practice, assume to be parallel as far as all 
proceedings in engineering field-work are concerned. 

t Shoiud the reader be totally onacqaainted with trigonometir, we must 
refer him to the beginning of the chapter on *' Setting out Curves. 
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serving that whilst the eastings are positive, the westings are nega- 
tive, or quantities to be 8ubtr^u:;ted n:om the eastings ; for accuracy 
this method l^ves nothing to be desired, and is undeniably the 
best for an extensive traverse, for instance, a mile or two across ; 
but unless one is in the constant practice, it takes up a little 
time, and requires the work to be first plotted roughly to a small 
scale ; a mere sketch in fact, for mistakes are not possible, as in 
adding up the columns of northings and southings, the totals 
must be equal, as also those of eastings and westings. 

Some years since, before protractors were brought to the per- 
fection they have since attained, this method of plotting a 
traverse was very usual amongst the l^est surveyors ; but it is 
less commonly resorted to at present. Accurary, however, is 
seldom to be attained by applying one universal method to every- 
thing under any circumstances ; the reader is by this time sup- 
posed to have acquired considerable insight into the practice of 
land-surveying, for, as far as the writer is aware, no detail of 
practice has been neglected in the foregoine pages, even at the 
risk of appearing tedious ; the student should, therefore, now be 
able to lay down two or three traverses on a largo sheet of plan 
paper, and judge for himself how far one system is preferable to 
another under a variety of conditions. 

Setting aside the plotting of a traverse in the above manner, 
considerable advantage may be derived from the calculation of 
northings and southings, eastings and westings, in exploring a 
wild country, in which a general, and, perhaps, very indifferent 
map is the only guide at hand. After being obliged, by the 
nature of the country, to abandon any direction first taken, and 
to traverse round before it is practicable to return to it, it is 
easy, after a time, to ascertain from a certain point how far we 
have deviated from our first original route, and therefore how far 
we have to steer east or west, north or south, in order to 
return to it. 

Our meaning will be best illustrated by means of Fig. 74, 
where A B is the direction of a line pursued from some distance. 
On reaching the point A the nature of the country is found to 
be such that it is no longer possible to do so, and a deviation 
becomes necessary ; let this commence at A, in the direction of 
the lines Ac, cd, de, e/, the bearings of which are all carefully 
taken, and the lines chained. On reaching the point/, we find 
the country clear in a direction towards the original route, and we 
desire to return to it ; find the northings and eastings made by 
the above lines to the point/, by using the theodolite in the 
manner already described, and sketch the work in the field-book 
as you go on, and enter the bearing opposite each station. 



106 APPLICATION OP TRIGONOMETRICAL TABLES. 

r^hI Bearings. Chainage. Signs. North- South- B»t- WesU 
otauon. ^ ^^ * ings. ings. ings. ings. 

1 ... N 70° E ... 63-00 ... ^ l^l ... ai-64 „ ... 6019 ... „ 

3 ... N 21° E ... 8100 ... ^ ".l^ll ... 76-77 , ... 2902 ... „ 

4 ... N 33° E ... 7900 ... ^^ '.^JIJ ... 66-24 „ ... 4303 ... „ 

211-87 1650G 

The above table having been constructed, take out from the 
tables the onee and codnea of the angles formed by the bearings 
with the magnetic meridian, and multiply them by the lengths 
of the chain lines ; in the column of northings, enter the pro- 
ducts of the cosines, and in the column of eastings enter the 
products of the sines. The latter added up = 16506, will give 
the distance travelled eastward from the point A, and the total 
of the northings a 211 '87, will give the distance travelled north 
of the point A. If now we were to set out in the direction due 
west, t£e length of the eastings = 165-06, we should return to a 
point due north of A, but the bearing of our line A B = angle of 
15"" with the magnetic meridian; so that whilst we have been 
travelling to/, a distance of 165*06 east, the line A B may be 
said to have travelled a certain distance east also, according to 
the angle NAB, and the length of N A« This latter easting 
will be equal to N 9, and if we can find the point 9, we shaU 
have returned exactly to the required position on the line 
AB. 

Now observe that in the triangle N A^, the cosi/ne A hot the 
angle N A a is to the sine A 0, as the northing A N is to the 
easting N G^ or, 

•9569 : 211-87 : : '2588 : 67-36 ; 

therefore 165*06 — 57*36 = 10770 =fg,= the distance due 
west from the point/; and a line N 15 E from the point gr, 
thus found, will restore us upon our original route in the direc- 
tion A B. This bearing will have to be set out by making an 
angle B af-- 75** ; for 75^ + 15^ = 90**, and the direction of A B 
produced will be determined by the line gf, instead of depend* 
mg entirely on the needle in the compass box. In the same 
manner, when setting out the liaefg, due west, instead of de- 
pending entirely on the magnetic needle, make the angle gf e 
equal to 57^, for the angles at e and / are together equal to 90**, 
and 90**— 33**= 57**. Should there be any reason to fear any 
variation in the needle from local ctttraetion, fix on any object 
as at O, and before leaving /, measure the angle gfO; leave 
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some mftrk at/ oad on reaching the point B meafture the angle 
g Bf, and the angle / B F, which, together with the angle 
N' !d K formed by B d with the meridian, diould be equal to 
180^ + 16** = 195°; A^=:AN x secant N A^=.flecant 15^ 21187 
X 1-0366 = 219-60 = A ^. 

The application, however, of this method, and of many others 
conntantly in use in engineering field-work, presupposes a table 
of sines, cosines, &c., ready at hand^ and which it is not always 
convenient to cany about ; for the purpose of meeting this, 
which might be considered an objection, a table, consisting of a 
very few pa^es, mav be readily copied and kept in the field- 
book, and which will be found to answer all general purposes 
for which trigonometrical tables may be required * 

Example. — Required the natural sine of ^O"* 2^ i from the table 
of sines take the sines of 40° and of 40° lO' ; subtract the less 
from the greater, the remainder will be 00223, which divide by 
10 ; this being done by prefijcing zero on the left hand, multiply 
by 2 for the two minutes, and add the product to the sine of 40°, 
which will give the sine of 40° 2f, suflBciently near for all prac- 
tical purposes of field-work. Had the minutes been any other 
submultiple of 10, as for instance 7' instead of 2', then 7 would 
have been the multiplier of the difference divided by 10. Had 
we required the sine of 40° 25', then the first figures sought in 
the tables would have been the sines of 40° 20' and 40° 30'.-f- 
The writer has for years carried a copy of these tables in his 
pocket-book, and has never required any others for general field 
purposes. With regard to using logsirithms for such matters, 
there is only to observe that the divisions and multiplications 
effected are so short, that they are done in less time than a table 
of logarithms can be referred to. There are many persons who 
carry about with them a volume of logarithms of numbers, and 
logarithmic sines and cosines, and who might save themselves 
the inconvenience. With rare exceptions, such tables are only 
for the study and thp office. 

We close our remarks on traverses and bearings by observing 
that, in the case of circumstances obUdng us to travel westwards 
instead of towards the east, as heretofore, we still take the bear- 
ing from the reading on the limb of the theodolite. In Fig. 76, 
let the east and west line be substituted for the former magnetic 

* The reader totally unaoquainted with the nature of sines and cosines will 
be so TOod as to refer to the chapter on " Setting out Curyes/' where he wiU 
find a Toll explanation of their meaning. 

}It is to oe observed and remembered that the difference divided by 10, 
multiplied by the number of odd minutes is to he added for sines, tangents, 
and secants, and subtracted for the cosines, cotanffents, and cosecants, as will 
be more folly shown in the explanation to the table in question. 
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meridian^ so that the former north point shall be west, and the 
south shall be east ; the angle N A o, iostead of giving a bear- 
ing of 70"^ with the meridian, will now give one of 15""^ bein^ the 
angle N'Ac, and the reading on the limb of the theodolite 
will be 345^ and 360*^-345' = 15^ = the bearing N 15* W. 
When the theodolite is moved to station c, the bearing of the 
back angle vernier wiU be 345*— 180®= 165*, before the bearing 
of cd is taken. The former bearing of o c2 was 35*, and its 
bearing with the present meridian will be 55*, for 35' + 55* = 90** ; 
tibe reading on taking the bearing on the limb of the theodolite, 
will now be 305* ; 360*- 305* = 55* = N 55* W. Similarly the 
bearing of de, as taken at (2, will be 291*, which subtracted 
from 360*, leaves N 69 W. 

A little attention to this in the manner we have already de- 
scribed will fuUy explain it 
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CHAPTER VIII. 



Mailway, Carnal, and Road Surveys. — Settmg out Bases, and 
General Mwna{je7nent — Expl<ynng Surveys, — Canal Sur^ 
vey, amd Tracing Levels. — wneroL Features. 

Land surveys required for the above purposes generally consist 
of long but narrow ranges of land, twisting about in various 
directions, according to the route adopted ; the width of survey 
required will generally also depend on local circumstances fixing 
the position of the line in one or more portions to some parti- 
cular spots ; where this is the case a width of about ten chains 
may be sufficient ; at other times some uncertainty or other may 
render a much greater width necessary, as for instance, half-a- 
mile ; the average width, however, generally surveyed does not 
exceed ten chains on each side of me centre line, excepting in 
town lands, marked on some general map, and which in England 
is usually now a sheet from the Ordnance map, by which the 
surveyor is guided in his route. Where such a map does not 
exist, then the best general map that can be procured will be 
used ; at other times certain rivere, streams, roads, and villages 
will be named, and certain distances from these will be pre- 
scribed or certain bearings by compass combined with land- 
marks, but in these latter cases a much greater width of survey 
will be adopted, and a smaller scale than now used at home. 

Whatever these circumstances may be, as soon as the surveyor 
reaches the scene of his labours, the first thing to be done will 
be to get two or three men as chainmen, who know something 
of the locality, and who will be able to point to some of the 
neighbouring objects, such as churches, villages, mills, or home- 
steads ; anything, in short, 'as guiding points. Having satisfied 
himself on the ground as to the direction of a portion of his 
survey, it will be necessarv to set out the base lines, whether 
these be long or short ; if the direction of the proposed line of 
railway be pretty straight, then one or two long base lines, or 
more, according to requirements, may be made to run through 
the entire extent of the survey ; whilst on the other hand, there 
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may be such short and sharpdeflections that the bases will be 
proportionately short also. Where the bases are thus of incon- 
siderable lengths, as for instance half or three-quarters of a mile, 
they are generally very easily set out, and often do not require 
any setting out whatever, it being merely necessary to select 
some well-defined and prominent object to chain on, and to 
leave a fiag-pole firmly fixed at the starting point ;^ in such 
cases the chaining may commence at once.t But the base line 
may be of much greater extent, when, on account of undulating 
ground or tall vegetation, it will require setting out, an operation 
termed ^'boning/ Under any circumstances, select some such well- 
defined object as we have ali^ady mentioned, if there be one, 
for the mark to chain on ; it is not necessary that it be m the 
survey ; — ^rather the better if it be some distance beyond ; neither 
is it necessary that the base should run exactly or quite through 
the centre of the survey ; it is merely requisite that the field- 
work be based upon it ; neither is it to be expected that it will 
be possible to bone suoh a base firom either end of it ; but with a 
theodolite it may often be done firom some commandinff point, 
firom which the far object may be seen. We shall best iuustrate 
our meaning from Fig. 77, which is a portion of a railway survey 
in which AB is a base line nearly three miles ana a hni£ 
long. A rough idea of the direction this base would take was 
ascertained from the commencement, but A, laying in a hollow, 
it was necessary to find some better spot for defining more aocu« 
rately the direction of the base, and for boning it out. In the 
far endy beyond B, the centre of three tall poplar trees was 
selected as the object to chain upon ; the point A was at first 
quite undetermined, and might fall up or down the road either 
way. It was only at some distanoe that high ground coul4 be 
perceived. Taking our theodolite and poles we walked towards it 
across the fields, examining the enclosures right and left, and 
noticing as we went along how cross lines to take up the work 
would fall into what we supposed generally would be the 
direction of the base. On readiing the village, and observing 
the roads, knowing there was to be a junction of a branch 
with the main line at about this spot, it was determined to 
traverse these roads; passing onwards we only reached suf- 
ficientiy high ground to command the view both ways, from the 

* It wQl, of oonrBe, be undergtood from what has been already obserred in 
tbesepages, that, long or short, these bases nm through the survey. 

jr Tne surveyor is supposed to have examined the length of his chain^ and 
to nave markea the conrect length of it in some oonvenient place near his 
quarters. 
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field numbered 42 ; from here we could perodve that a line A B 
would intersect our survey from end to end, would be free from 
obstructions, and that here and there we should pick up some 
o£^tting upon it ; the instrument was therefore planted, and 
the line boned out, one man going towards A, and another 
towards B, so as to bone both ways at once ; we have elsewhere 
spoken of the marks called '^ whites,'' and of ranging-rods ; also of 
the necessitv for th^ being set perfectly upright^or vertical, often 
by means of plummet and line ; also of where on a base the mark 
shoidd be placed so as to prove most useful All these matters ¥rill 
be found fully described under the head of ^' Chain Surveying,'' and 
the use of the theodolite will be found in our description of that 
instrument, so that we have no further observations to make here 
with regard to setting out or boning the base A B ; this done, ^ 
and whilst the man was returning from the far point A* we 
^' traversed "* the roads abready mentioned, took the bearings of 
the base, of some of the interior lines of the toraverse, also of the 
secondary line a 6, the direction of which was fixed by the 
position of the fences adjoining it Whilst doing this an oppor* 
tunity was afforded of noticing the fields through which the 
junction of the proposed branch would ran, and the theodolite 
being out, the line o d was boned, and the angle Acd measured, 
the. commencement of a new base C D was boned out, and its 
intersection, by direction only, with a particular point on the « 
traverse carefully ascertained aa one means of checking the 
direction of C D, besides taking the anele BCD. 

The next operation is to chain the base A B, which may, of 
course, be commenced firom either end, as happens to be most 
convenient i commencing, however, at A, the dispatch with which 
this operation is performed will depend in a great measure on 
the number of marks fixed during the boning ; and as many of 
these may be merely "whites" planted on a bank in a hedge, 
there is no reason why there should not be one nearly, if not 

Juite, for every field ; for it will be observed that with the theo- 
elite, when once planted, levelled, and securely clamped, these 
marks can be set in as fast as the men can be induced to run. 
Where this can be done from any eminence, so as to get the 
telescope to plunge as it were into the fields over the hedges, 
much time is afterwards saved in not having to eut gaps to clear 
the Une of sight. With re^d to fixine the stations, it may be 
observed in railway surveymg, or in omer cases where the side 
lines are short, that they may generally be fixed permanently at 

* See artide, " Snrvejing by Traverse." 



112 MANAGEMENT OP SURVEY. 

once ; if we can observe from the base line, supposing vision 
unobstructed, how these side lines are to run, when a picket may 
be driven in, or if in grass lands a little triangle may be cut out, 
or a '' crow's foot" mark may be made ; but if the lines extend 
such a length that a tall hedge or two obstruct the view, then it 
is better to make a '^ false station" or temporary mark only, 
which may generally be done by notching some stake in the 
hedge, and of course making an entry accordingly in the field- 
book. In every case mark on the ground as well as in the field- 
book every change of arrows, that is, every ten chains ; in inter- 
secting straight fences, stations are not required, as side lines will 
not be wanted, it being merely necessary to note both ends of 
such fences by offsets, and to take the angle they make with the 
base line ; tms is best done with the box-sextant or prismatic 
compass, as formerly described ; these fences are marked S in 
the field-book, and are thus known to be straight when we come 
to plotting. As regards stations for road-crossings, it will be 
found that to drive a picket at the foot of one bank, entering it 
as a " false station," and making some mark on the hedge on the 
opposite side, such as cutting out a few branches or tying a piece 
of twine round a stake, wul be as safe as anything; driving 
spikes into the surface of the road, or breaking up a small hole 
and filling it up with stones, is a highly dangerous practice. 
There is but one further point to remark on as to the chaining 
of such a base line, and that is as to whether such chaining shall 
be done in portions or from end to end before commencing any 
other portion of the work. Supposing that we commence 
chaining at A in the first part of the day, the whole line 
measuring nearly 3 miles and a half, it will bring us very nearly 
to the close of the day's work on reaching the point B ; and sup- 
posing we find an hour or two yet to spare, and begin some of 
the cross-lines at B, we shall then have to return a long distance 
to get back to quarters at the other end, unless we can find them 
near B, which, however, may after all be inconvenient. To add 
to this inconvenience, supposing we begin the cross lines at B, 
we shall have to return there in the morning to resume operations, 
or leave this part of the work unfinished, and commence at the 
more convenient point A, thus preventing the field-book from 
being as clear as it otherwise mignt be. If, on the other hand, 
due care has been taken to make the marks boned out on the 
base safe from disturbance, and commencing at A we chain on 
as far as the first cross-road, and leave a blank page for the 
continuation of the base ; then turn to the left down the road as 
far as a, and then to the left again along the line a b, which has 
been fixed by theodolite ; in the next place lay out and chain 
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the triangles gfA. and A A i, and the lines h k and k I, the latter 
of which has been fixed by the theodolite when taking the 
angles of the traverse; to complete this we have only short 
cross lines to run, so that we may soon clear off the work between 
A and the first cross-road ; we may now run the line cd, which 
is produced both ways or at both ends, to fix lines outside the 
triangle cde; next the line ed produced forward for ulterior 
purposes ; the object in producing both these lines is that being 
two sides of a large triangle on the base line, tied into the 
traverse by numerous other lines, these two lines will be very 
useful if carefully produced to fix the base C D which was carried 
two miles beyond D, and also the base E F, of which we shall 
speak presently ; the sides of this triangle were^ moreover, checked 
by the line mln; there will be now no misunderstanding about 
filling in and taking up the remainder of the work west of the 
line e d. With regard to the base C D, we have already pointed out 
that it was fixed by the angle being measured at C, and by being 
sighted on to a station on the traverse, so that if C D bad been 
wrong in position this would have shown it ; it was further tied 
by measuring the lines C B and opq firom the fixed point o on 
the line c d produced, chained through p and q on the bases 
A B and C D ; it was only necessary to tiJce a little trouble in 
boning the line opq, bo ba to make it a good tie line at the same 
time that ofi^ts are taken on it all the way. It has already 
been noticed that the base C D was produced two miles beyond 
D, and if such a line be out of position, so vdll also be the 
whole of the work upon it ; it will also be seen ths^t it is quite 
useless to employ a theodolite to set out a base, unless pains 
are afterwards taken to fix its position accurately. 

We now come to the base E F ; from E, a full unobstructed 
view of the country was obtained, and the theodolite was not 
got out ; this base being set out to F, where the direction of the 
survey turned northwards, another base, Q H, was at once set 
out, only the commencement of which is shown in our plan ; it 
will be readily seen how these bases are connected to the east of 
the plan by means of two small triangles; this was not considered 
a sufficient tie for determining onpaper the direction of one base 
line with another; the line OH was therefore sighted back- 
wards to I, so as to connect it securely with some back lines. It 
may now be observed that we have been fixing the base O H by 
tie lines to E F, before tying this last line which was first set 
out ; this was because we were in that direction, and therefore 
determined these points at once when observed, and to save time 
when walking over the ground again, a most important gain to- 
wards the despatch of work, and always to be kept in sight. 

I 
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The base E F itself is determined in poeition by the triangle 
E < 8, and by the line u t, produced to r, then to tie into H Q 
produced backwards to this point; there are two further lines run 
r VfWXfOn which offsets are picked up ; and now by means of 
cross lines, and others more or less parallel to the base, this portion 
of the work was completed; these parallels to the bases are often 
extremely useful in taking up feziceSy and are very conveniently 
set out by means of the box-sextant. 

To the student we would suggest the tracing of this plan, 
leaving out the chain-work, which is represented by the dotted 
lines; that he should next with the plan and text before him lay 
down the base lines and their connecting ties in the manner 
above described, and keeping in view the same motives, he will 
tiien have a better opportunity of distinguishing how these lines 
are, as it were, framed together, laying at first loose and uncer- 
tain to some extent, until gradually they become all locked toge- 
ther by the tie-lines : when once satisfied that this is fully accom- 
plished, he need not lay out any more, but fill in as quickly as 
may be ; that is, set out the remaining lines to complete the off- 
setting, by chaining from station to station, in the easiest manner 
presented by the nature of the ground and the fences. In car- 
rying out the above suggestion the student need not apply him- 
self, to lay the chain-lines on the tracing-paper exactly or 
minutely as in the example ; it will only be necessary for him to 
do this to such an extent as to satisfy himself as he proceeds that 
he understands the rationale of what he is about Let him 
remember ajso that no two cases are exactly alike; that all, 
therefore, will require treating in a manner different more or less. 

In running a line we sometimes unexpectedly fijid that, to 
carry it on, we must cham on a fence, or abandon it, as in Fig. 78 ; 
in such a case, it is very simple to lay out a parallel line for a 
length sufficient to overcome the difficulty, and return to the 
main line when this is done ; ab, od, ef, gh, are all equal, and 
set out at right angles to the line A B ; df is therefore parallel 
and e(|ual to o e ; a sketch and memorandum of this is of course 
made in the field-book. 

When buildings are numerous on such work, we advise, to avoid 
the false economy of being sparing with chain-lines at the ex- 
pense of long offisets, thereby going over the length of chain-line 
perhaps a dozen times ; as an invariable rule, the nearer your work, 
the shorter your offsets, the better you can see to sketch the plans 
of your buildings, and the more correct the offsets will be in 
length and direction ; it is also to be remembered that the angles 
and sides of buildings are much more defined on the groimd 
than hedge and ditch. 
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We may now close these remarks^ as under ihe head of ^' Chain 
Surveying/' much more has been said referring to this as land 
surveying generally; but it should be observed that, in some parts 
of the plan by which we have illustrated the above remarks, a 
much greater width has been taken in than is generally done ; 
this partly arises firom there being a junction of two lines in the 
midale of the survey, and partly from the line of rail being un- 
determined in position when the survey was made ; the average 
maximum of width is ten chains on each side of the centre line, 
where more is required special instructions should be given for 
the purpose. 

An engineer, when making a survey, will take every oppor- 
tunity of making himself acquainted with as many geological 
details^ or subsoil information, as can possibly be acquired during 
the survey ; he will also acquire of his own knowledge, as much 
information as possible as to the effect of floods on brooks and 
streams, the span of arches over Ihem, and the diameters of cul* 
verts ; the widths and inclination of roads ; the kind and cost 
of building materials, and, if opportunity offers^ any information 
as to traffic along the roads. 

In making an eayplorimg survey, the engineer's object is to 
ascertain the general direction of the route fldQng which the best 
paying and most cheaply constructed line may m found ; at least 
where neither the one nor the other of these important elements 
have to be sacrificed to some local interest, instances of which in 
this country have been but too flagrant; with a good general mapy 
an exploring survey may almost be resolved for many purposes 
into a local examination, and noting certain lines on the ground 
from which a selection may afterwards be made according to cir- 
cumstances, as they become developed, either as rq;ards levels, 
construction of works, traffic, and local interest& But where 
there is no such map, it is not detail we have to explore for, but 
the general features of the country ; in this sense, a survey of 
the details only would be so much waste paper, and under any 
circumstances would be at first, waste of time. A few main lines 
showing the general position of rivers, streams, roads, or tracks, 
woods, forests, villa«[es, valleys, and summits of hills, with their 
geneoul angle of in(£nations and altitudes, with notes as to geolo- 
gical features; these are the points on which the engineer 
requires information, and it will be quite sufficient if they are 
shown on a map of from one to three inches' to the mile ; until 
the direction of a line proposed is determined on, a survey of 
details is of no value. 

As regards surveys of railwavs and canals, much analogy will 
exist between both, as regards the difEarent levels to be overcome, 

i2 
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hills and valleys, cuttings and embankments, tunnels and via- 
ducts, &c; as regards materials, where in the first case we should 
look for a gravelly district, in the latter we should seek for clay. 
It is more particularly as regards water for feeding the canal, and 
the position of locks and chains of locks, and length of ponds, 
that the survey for a canal will differ from that for a railway. 

Setting aside the question of traffic in a canal survey, for 
which, however, it must generally consist largely of minerals, and 
particularly coal, besides agricultural produce, to be of any value 
to shareholders, the engineer will have to examine for the supply 
of water more particularly at the summit levels ; where it is to 
come ^om and how far brooks and streams are appropriated and 
to what purposes, as for mills, irrigation, &c. ; what is to be the 
connexion with any neighbouring river or canal, if any ; the 
length of long level ponds to be obtained, thereby saving the 
trouble and loss of time attendant upon locks ; by this means a 
number of locks aro often brought together, so that they can be 
attended to by one lock-keeper ; the trial sections will enable 
him to judge of the position of long levels to be obtained, of the 
lowest summits to be found between the termini ; whether a 
summit should be reached by a cutting or a tunnel, and also to 
decide as to other works involved by adopting the whole or part 
of any particular line, the features of which are shown on a trial 
section. If after adopting a summit level, and calculating the 
obtainable quantity of water, with its cost by compensation, if 
any, or otherwise, or by pumping if necessary, it may be found 
desirable to trace the level of the summit along the sides of the 
range of hiUs, which will involve a series of contour levels,* and 
at the same time a survey of every spring and stream crossing 
this level line ;t care is to be taken all along the line to distin* 
guish landsprings, or such as only run in winter. The line of 
contour level wul have to belaid down on a plan, on which must 
also be shown every hill and valley above this level and draining 
towards it, as also the water ridges, in order that from such data 
the area of drainage may be calculated above the contour level ; 
from this, if it should prove desirable, may be calculated the 
capacity required for reservoirs, as well as the quantities of water 
to be expected to flow into them ; the best information attainable 
^ust be sought for with regard to the depth of rain-fall, and 
numerous rain-gauges must be established at different points to 
corroborate or correct the information obtained. Not only all 

• See " Contour Levelling." 

f All the streams running into or crossing the pranosed canal will require 
Mu^ing, and these gauges will require to be established both above and below 
the level of the crossing of the canal See '* Gauging Streams." 



CANAL SURVEV. 117 

information obtained, and the observations made, must be entered 
in a book kept for the purpose, but they must be recorded with 
all details connected with them in such manner that they may 
be distinctly and accurately referred to hereafter. 

Certain points being fixed by the levels of the trial section, 
it will often happen that long level reaches may be established 
by tracing a contour level along the ground, as, for instance, 
by the side of a valley until such fall occurs as renders necessary 
one, two, or three locks, or a fall of from 20 to 30 feet ; the 
depth of this fall being transferred, the level thus found may 
again be traced forward until the same operation is repeated. 
As these levels are thus traced a stake may be driven where 
the levelling staff is held, so that a surveyor coming after 
may make a survey of them and lay down the lines on the 
plan; with the assistance afforded by the levels on the trial 
sections, all referring to one datum, a new and improved 
general direction may be given to the line, along which another 
section may be aflerwcuxis taken, such deviations being made 
as seem advisable under contingent circumstances. 

In tracing these levels it will be remembered that for canals 
we are not tied down to curves of large radius, as in railways, 
and that we have here considerable latitude, it being only 
requisite absolutely that the boats may be convenientlv worked. 

Provision will also have to be made for weirs and overfalls, 
and generally these should be constructed where the floods 
occur; it will, therefore, be necessary to examine into this 
subject also. 

Such observations being made, and levels traced and laid down 
on the plan, it will be time to revise the whole scheme, and see 
what bends may be avoided by cuttings or embankments, as by 
the plan above-mentioned of tracing contour levels it will be 
perceived that in many cases the line would be very crooked, and 
the bends must be overcome. 

The above contingencies connected with the supply of water 
make the circumstances of an exploring survey for a canal con- 
siderably different from that for a railway, although the works 
from point to point are the same, such as cuttings and embank- 
ments, tunnels and viaducts, bridges, &c., with the exception, 
however, of the way itself. 

In both we havef to reach from one place to another, supplying 
directly or indirectly certain towns and villages on our way, and 
we have to join the two ends by the shortest and most level 
route compatible with economy, safety, and rapidity of transit, 
&c. ; generallv there are certain summits or lowest points to be 
overcome, and it will be a matter of study whether these are to 
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be passed by tunnels or viaducts with easy gradients more or leas 
all the way, or whether a steeper inclination shall be assumed 
with a partial deviation in route, so as to have merely a cutting 
or embaukment where a tunnel or viaduct was first assumed ; 
sometimes the route by such a summit or low point may be 
abandoned by means of a lateral deviation of more or less extent, 
as may be required ; the crossing of a river or a town, or even a 
turnpike road, will probably considerably affect the study of a 
scheme. As regards railways, there are cases where a little study 
will enable an engineer to take the surfsu^e pretty nearly the 
whole way, with merely a few feet of cutting and embankment 
here and there; where the roads to be crossed are not too 
numerous or too important for level crossings, this is of course 
an economical system. 
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CHAPTER IX. 



Working Plans. — Details of Tovynlavds* Smveys, — Precau- 
tions to be observed. — Traversing. — Object and Value of 
Workvng Plans. — UoTicluding Observations on Lamd 
Sv/rveying. 

The observations made in the last chapter apply principally to 
preliminary surveys, such as are prepared before a working or 
".permanent" survey is made previous to the actual construction 
of the works; as already observed, a certain width, being a few 
chains more or less, is adopted ; but for the working survey, for 
which we are confined for the works at least within the " limits 
of deviation" assigned under powers obtained from an Act of 
Parliament or otherwise, it is a sheer waste of time and money 
to extend the survey beyond such limits ; otherwise than this 
the same system is to be adopted for the working survey as for 
the preliminary one, with the exception principally that the offsets 
are shorter and more numerous, and a larger scale adopted for 
the plan ; the same lines may often be taken as bases, but less off- 
setting will fall on them, as the actual survey is now restricted to 
the limits of deviation. Another plan to aaopt with regard to a 
working survey is to "stump out the line" firsts as soon as final 
alterations are determined on, and then to make a survey of the 
line thus stumped out, extending the width of it from 30 or 40 
feet up to 100 feet on each side, according as such greater width 
may be required by the extent of the works, such as the slopes 
of cuttings and embankments or thp inclination of approach* 
road& 

The above remarks apply equally to the working survey of 
townlands ; here, however, a traverse is almost the only mode to 
be adopted, the sides of the traverse running down the sides of 
the street more or less^ and where these are wide there being a 
chain line on each side ; on the accuracy of such surveys often 
depends the purchase or non-purchase of certain property, and 
the greatest care must be devoted to the work; the offsets should 
not exceed 20 or 30 feet ; in fixing the positions of buildings it is 
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not sufficient to do bo by merely taking an offset at right angles 
to the chain ; but two and sometimes three measurements should 
be taken from different links on the chain to one angle on the 
buildings^ thus, in fact^ setting up two or three small triangles, 
the sides of which are checks on each other. The offiets off the 
chain lines A £ and C D, Fig. 79, will express this as well as. a 
more lengthened explanation. At the same time always measure 
with the tape all the sides of a building, as it will prove a further 
check upon the chaining and offsets, for unless this has been 
correctly done the side measurements of the buildings will not 
plot 

To every side of a building of any length always take three or 
four offsets, as they will mutually check each other ; for the 
straight side of every building must pass through all the punc- 
tures made if all the offsets are correctly taken. 

It will often occur, more particularly in old-fashioned places, 
that some buildings are so irregularly dovetailed into others that 
plans of the interiors must be surveyed before it is possible to 
make a plan of the buildings. An instance of this kind is shown 
on the right hand of Fig. 79, as also the lines that were measured 
in order to take the plan. In these cases measurements must be 
taken of the thicknesses of the walls, as the angles formed by the 
faces are the points measured to. Instances of this kind some- 
times arise wnich are not difficult, but very troublesome. Impa- 
tience on the surveyor's part is then what he has most to fear ; 
such matters vdU take their time to be properly done ; he will 
feel far more annoyed and mortified if, at a future period, it proves 
necessary to take down a building which his plan showed would 
not be touched by the construction of the works ; for it must be 
remembered that to take even three inches off a building it 
must be purchased, if the owner thinks proper, as in such cases 
he is pretty certain to do. If the error is only discovered after other 
buildings from that particular owner have been purchased, it 
may result in a troublesome business. It will thus be seen that 
townlands' surveying may afford many instances where it is 
scarcely possible to observe too much care and cautio^ with 
regard to the details, as well as with regard to the whole. 

It is very good practice to ascertain the exact chainage at 
which a side produced of any building will intersect on the chain 
line, and to measure the length of such produced line. 

It may be observed that to do all this the sketching in the 
field-book will have to be drawn to a large size, and the writing 
and figures to be kept smaU, and written with a hard and sharp- 
pointed pencil. 

Another troublesome case often arises where many of the 
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buildings are not right-angled or square built This is often the 
case where it is not sufficiently so to be detected at once by the 
eye ; and although the surveyor should never encumber himself 
or his men with things not absolutely necessary for the work to 
be done, it will often be fomid a very good plan to employ a boy 
to carry a large carpenter's square, by means of which it may be 
directly seen whether the angles of a buUding are square or not, 
when it may be treated accordingly. 

A court-yard, through which there is no thoroughfare, will 
often take up a good deal of time before a sufficient number of 
lines are measured to ensure the production of a correct plan, as 
in Fig. 80 ; set out a line through the passage, making an angle 
A C D, with the chain line A B, and measure such angles with 
the theodolite, for they are too short to be measured with the 
sextant, on account of the principles of construction of the instru- 
ment ; then measure the lines C a D, D &, 6 a/ fCy ec, cb, ca^ 
a e, Df; a sketch should be made of this in the field-book, and 
the lengths of the lines written in upon them as they are mea- 
sured. It is not to be supposed that all the work in a townland's 
survey will prove as troublesome as the two instances we have 
given in the illustrations, but it will generally be found to occur 
on inferior property, and the older portions of a town. 

For a survey such as we are describing, there will be required 
a five or six-inch theodolite, a one hundred feet chain, and a tape 
of equal length, a couple of five-feet rods, half a dozen of six-feet 
poles, plummet and hue, the square we have above mentioned, 
and a mason's chisel and hammer to cut station marks, and 
perhaps a few spikes to drive in where there is no horse traffic, 
with these will be required an assistant and three or four 
men. 

With regard to the traverse, we recommend its being set out 
so as to include the whole of the survey, if not more than half a 
mile in length ; but whatever may be the extent of it, include 
as much area at a time as possible. 

Supposing that you are going to traverse the whole survey at 
once, commence at some point where you can take as many 
angles or bearings as possible ; and if at a point to which you 
can see from other stations, or some other side of the traverse, 
so much the better. Make the sides of the traverse as long as 
possible, so as to have the least number of stations, and therefore 
the least number of angles to take ; but do not fail at the same 
time to take angles or bearings down every street crossed by the 
sides of the traverse. Where there are many of these, there are 
two precautions which we recommend being taken, — the one is, 
that the station where the theodolite is to be planted for taking 
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these angles with the fiides of the traverse after the whole of the 
bearing of the traverse itself shall have been taken, be sighted 
by the theodoUte, and that such station be marked at once by a 
small '^ crow's foot " being cut with a chisel on the kerb-€tone if 
possible, or some other mark made ; the other is, that, to prevent 
such station falling upon a fraction of a foot, tha length be 
measured out at once. Some trouble should be taken with some 
of these stations, and those on the other side of the work, so that 
it may be practicable to take observations from each to each.* 

If the survey is too extensive to include the whole in one 
traverse, then commence at such a point that one of the sides of 
which you first take the bearing shall form a junction line with 
the next traverse, and if possible extend through the whole 
width of it. 

Where any side of the traverse is of considerable length, we 
advise its being boned out with the theodolite at about every 
two or three hundred feet, bv having marks cut on the pave- 
ment, or driving in spikes, if off the actual horse road. The 
marks cut need not be more than a couple of inches long, if a 
memorandum be made as to the house or door opposite to which 
they are made.t Although some of these precautions will ob- 
viously cause a little more time, about a couple of hours generally, 
in talang the angles and setting out the traverse, it will be found 
that afterwards time is saved in not having to bring out the 
theodolite again until wanted for the next enclosure, and also in 
chaining, as the " leader's " end is much more ireadily and accu- 
rately placed on the chain line when the fore object is only two 
or three chains in advance, instead of eight, or ten, or more. 
Indeed, our own practice for such work is to take or set out the 
length of the sides and the station lengths at first, at the same 
time the angles are taken ; thus avoiding entirely aJl fractions of 
feet. By means of these precautions at first starting, there is a 
very fair chance of being on the way to produce a survey that 
shall not be out so much aa three inches anywhere. 

With regard to objects to sight upon, the poles we have men- 
tioned above are by no means constantly required for this 
purpose, and it is more desirable to chain on some permanent 
object, such as the angle of a building, a door-post, or any object 
near the ground ; where none such occurs, a vertioal line may be 
drawn in chalk on a wall, which will last a surprisingly long 

* See wbat we have said on this head under the subject of '* Surveying bj 
Traverse." 

f These marks must be crosses instead of crows' feet, to distinguish them 
from station marks. 
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whiley but some Blight mark should be cut besides for reference 
to hereafter. 

In chaining, instead of the leader making a mark with a pin 
on the pavement) or paving, which is sure to be scarcely any mark 
at all, we recommend his being provided with a piece of chalk, 
with which he is to make a smiJl cross at each chain's length. 
There are many cases where a hundred-feet chain may have to 
lay half an hour on the ground before being laid out again ; 
during this time passengers moving backwards and forwards, kick 
it out of its proper line ; now by means of the two chalk marks, 
one at each, it is brought back immediately and accurately to 
the proper situation, both as regards length and direction. It is 
true the chainman should keep it stretched between the marks, 
but after laying any time on the ground it is difficult to make 
them do this, and the chalk marks we have just mentioned are 
much more simple and sure than trusting to them, for the sur- 
veyor can then easily see, from where he stands, whether the 
chain handles are in their proper place. 

When the field-work nas been completed, and the work 
plotted, which should be done more or less every day whilst all 
the objects are fresh in the surveyor's memory, it will be neces- 
sary to submit the work to a severe check, and this can almost 
always be done in the following manner : — Select two or three 
spots on the ground fix)m which a view may be commanded of 
the whole, more or less ; such, for instance, as the roofe or flat 
leads of some of the loftiest houses ; find the exact points on the 
plan, and from these draw any convenient number of lines inter- 
secting as many prominent features as possible, and examine 
with the plan on the spot how the work agrees with these points 
on the ground. It is generally quite possible to select some spot 
to which the theodolite may be raised, and on which it may be 
thus planted, when the plan may be submitted to any amount 
of scrutiny the surveyor may please, or judge necessary. 

It may be necessary to obseiTO that uie above remarks on the 
working plan of a townland's survey refer principally to one 
plotted to a large scale, such as 30 or 40 feet to 1 inch, and 
on which tiieretore the general plan of the works of con- 
struction, such as a dock or station, a viaduct or cutting with its 
retaining walls, may be laid down with a considerable degree of 
precision ; if the plan of the survey is correct, it will at once be 
seen exactly what properties are and what are not required for 
the " emplacement ** of the works ; and if the plan does not 
enable us to do this with accuracy, it is of no use, and if we are 
misled by it^ then it is worse than useless. As an instance, a 
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loDg viaduct or cutting with retaining walls may be taken, such 
works may be commenced at once in a dozen diiSerent points, ajs 
required by the conditions of the structures, or accordingly as 
the company obtains possession of property required in as many 
different places. Unless we delay until the whole property is 
purchased, it is not possible to set out such a work, whether on 
a straight line or curves from end to end at once, and as such 
delay is not a practicable thing, it follows that the properties 
must be purchased, the line set out, and the works constructed 
on almost the sole condition of the good faith and working 
accuracy of the plan ; if at fault, it will follow that errors have 
been inade in the purchase of property, and that awkward 
deviations have to be made in the workiB, and sometimes even 
that reconstruction may be a matter of necessity. There caz>, 
therefore, be no doubt that a correct working plan to a lar^e 
scale is indispensable, though costly ; that the expense of it will 
in the long run be an economy, and that such a plan can only 
be produced by the greatest care being given to it. 

In a townland's survey for a general plan the same system 
and principles of operation will have to be carried out^ but there 
must be greater despatch, and inasmuch as a great number of 
the minutiae above noticed could not possibly be plotted even by 
the most careful and ingenious draughtsman, it would be useless 
and time thrown away to attend to them ; with a scale of 40 
feet to 1 inch it is very easy to plot accurately dimensions of 
six inches, but with a scale of 6 chains to 1 inch, it would be 
rather trying to the sight to plot one foot which would be the 
66th part of a sixth of an inch. A little experience and 
intelligence will soon teach the practice to be carried out under 
a variety of conditions and requurements. 

On the plan given to illustrate the observations made in this 
chapter, the centre line of the proposed railway has not been 
laid down, nor the " limits of deviation," that is, the limits 
within which it is proposed to deviate, if thought advisable, the 
centre of the line works before these are actually commenced. 
Further observations on this subject will be found under the 
head of " Levelling," and also in the pages of my work on 
" Railway Construction." 

In concluding this portion of our subject, we may mention a 
svstem which is sometimes adopted, when the time by which 
the survey is to be completed is so short that nothing better can 
be attempted ; at the best it can only be applied to surveys of a 
very preliminary character ; nevertheless, where judgment and 
inteU^ence have been combined in doing the work, it has often 
passed the ordeal of " Standing Orders ;" there are besides 
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sometimes portions of a survey where it is less inapplicable 
than in others. 

In making a survey in this manner, the bases are chained on 
some distant objects, if any can be selected ; these bases are 
generally short, and the angles of deflection which they make 
with each other should be carefully observed with the theodolite 
if possible, or with the box-sextant ; at the intersection which the 
fences make with the base line, the bearings of such fences on 
both aides of such base should be taken, and the distances from 
the intersection to the junction, with any lateral fences within 
about 4 chains' distance on each side ; the bearings of such 
lateral fences should also be taken, and any observations 
required should be made as to deflections in these fences ; the 
surveyor should have a competent assistant with him if possible, 
to make these observations on the lateral feiicmg, and from 
whose field notes he must take care to make entries into the 
field-book as the work proceeds along the narrow slip surveyed ; 
in such cases as this it is very desirable that the base lines be 
laid as nearly as conveniently may be along the centre of the 
work. One considerable disadvantage with such work i», that 
there is no check even upon the main length of the survey^ 
until the section is taken over the line ; a double chain line 
therefore is very desirable instead of a single one, in which case 
they would be a few chains apart ; these circumstances are 
mentioned to show the beginner the straights to which we are 
put sometimes in practica 

When a railway or canal survey is divided between two sur- 
veyors, they should, previously to commencing work, decide upon 
a common base line, which should extend for some length into 
both portions of the survey ; this line will a£ford the means of 
correctly joining the work together. 

It may not be improper here to observe, that there are two 
mistakes generally attending the first attempts at surveying : 
these are either too much or too little attention to details 
according to circumstances and the scale of the plan, that is to 
say, that the surveyor is apt to bestow as little pains on the^ 
survey for a working plan as for a preliminary one, or vice 
verad. To make this plainer, take a plan prepared to a scale of 
one chain to an inch, and endeavour to reduce this to a plan 
having a scale of three inches to the mile, and showing every 
detail on the large plan, it is simply impossible ; again, take the 
plan of a survey plotted to a small scvde, enlarge it to one of 
eight or ten times the original^ take your enlarged copy on to 
the ground, and you will find your details all wrong. Again, 
take a field-book of a survey for a laige working plan, and endea- 
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your to plot it to a small scale, yon will find you cannot get all 
the details in ; they are simply too small to be shown. The 
surveyor must learn to discriminate between such cases, so as not 
to waste his time, on the one hand, or under one state of things^ 
and not to neglect his work on the other ; a little thought and 
observation, alter a few days' field-work and plotting, wUl make 
these remarks obvious enough. 

If, during the perusal of the above pages, the reader has 
taken the trouble to practice the instructions here given, and 
has endeavoured gradually to rely upon his own intel^gence and 
discrimination, equally as upon our advice, there is every reason 
to hope that he will by this time have obtained considerable 
insight into the business of Land Surveying, including the use of 
all Uie instruments required ; but inasmuch as it is much more 
an art of experience than of theory, if we may be allowed the 
expression, we must strongly impress on his mind that it is only 
by practical study an the ground that he can attain skill com- 
I bined with readiness in the performance of his work ; without 
practice no amount of readi^ig or teaching will ever make a 
surveyor. 
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CHAPTER X. 

Banging Curves. — Oeneral Obaervationa. — ToTigent, Secant, 
8iney &c. — Practical Explanation a/nd AppUoation of 
Trigonometrical Taibles.— Practice of Romgvag Gurves on 
the Oround. 

The author feels that he will be accused of pursuing a veiy 
unusual course, in placing this chapter amongst the remarks on 
the different systems of surveying ; he can only submit as an 
excuse for doing this, that he considers the subject as affording 
the means of introducing the non-mathematical reader to the 
understanding and practical application of a little plain trigono- 
metry ; such as many circumstances in field engineermg operations 
render at tivfies of every-day use, when, if the reader happens 
not to possess such elementary knowledge, he has only to follow 
some rules which he only partially understands, and is con- 
sequently apt sometimes to misapply ; moreover, if he happens 
to meet with an unusual difficulty, and he may expect to meet 
with such a condition at any time, he is certain to have double 
and treble labour to overcome it, from the want of under- 
standing a few rules as simple as tiie arithmetical calculations 
he has to perform every day. A soimd knowledge of the 
rationale of the system to be pursued in setting out or ranging 
curves is not only requisite in railway work, but to engineering 
field-work generally; and this rationale \a based on ^'right- 
angled trigonometry,'^ which it is as siihple to understand as the 
easiest rules of geometry. Circumstances constantly arise where 
one method is preferable to another, and not unusually cases 
occur when the engineer has to construct some system to meet 
special difficulties ; to effect this he must understand the prin- 
ciples on which all the systems are based. We are quite aware, 
that rruiny practical men will at once turn away firom the mere 
term " trigonometry," for they appear to entertain an intuitive 
dislike to everything approaching to mathematics, little aware, 
as they consequently must be, that they are every day performing 
some mathematical operations on the ground As a practical 
man myself, I am not without hopes that such readers will now 
glance over and examine the following halfnlozen pages, when I 
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think that much of this feeling will be removed ; " plane right- 
angled trigonometry '' will then be easily understood as well as 
the use of the tables ; this will form an introduction to oblique- 
angled trigonometry, or at least as much of it as we require for 
'' surveying by observation/' or for harbour and coast work, and 
occasionally under other circumstances. 

Such is the writer's excuse for placing this subject where he 
has, and also for treating it in the following manner, very un- 
mathematical and unsymmetrical, but such that any practical 
man will understand. 

In Fig. 81, let A B be a curve, which it is required to trace 
on the ground ; let A C be a tangent (so called because it 
touches the curve without cutting it), from which at the point C 
it is required to measure off the ofi^tt C D, so that D shall be 
a point on the curve. 

Observe that the length C D is the only line which, measured 
off at right angled to A C, from the point C, will exactly inter- 
sect the curve at D ; also that C D is equal to the trigonometrical 
sign A £, which is called coversine, and that A C is equal to the 
line O I, called cosine of the angle DOB; also that the end D 
of the line C D, intersects the curve at the point where this curve 
is also intersected by the line F, called the secant, and which 
forms one side of the aagle DOB. 

Observe also that C D, plus the line called- the sine, is equal 
to O E, plus the line called the coversine, and that the sme, 
plus C D, or plus the coversine, is equal to the radius of the 
curve. 

Observe again, that whatever fraction or portion of the radius 
A C may be, these proportions must always exist ; see Figs. 82 
and 83 also. 

The angle DOB has been mentioned above, as also some of 
the trigonometrical lines ; it will now be time to refer to the 
others, premising, however, that we are not going at first beyond 
the right angle, or an angle of 90 degrees, because this will be 
sufficient for our present purposes, and because by attempting 
more it would perhaps only confuse the reader, and interfere 
with the speedy application to practice of what we are about to 
say, which speedy application will we trust lead the reader on to 
pursue this subject^ as he must see at the very commencement 
how iiseful, the very simplest knowledge of the merest elements 
of trigonometry may be made. 

An angle is subtended by an arc, as D B is subtended by 
the arc D B, or if a straight line be drawn from D to B, the 
angle DOB will be subtended by the chord D B. 'The circle 
being divided into 360 degrees, and each degree into 60 minutes. 
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and each minute into 60 seconds, the angle may be measured by 
the number of such divisions and subdivisions contained in the ara 

Tangent and Secant. The tangent of an arc, or of tlie 
angle it subtends, is the straight line drawn from the beginning 
of the arc B, at right angles to the radius, which forms one side 
of the angle, and is terminated where it is intersected by the 
other side of the angle produced ; in the three figures already 
referred to, B F is the tangent of the angle DOB. The leg or 
side of the angle produced to intersect the tangent is called the 
secant, thus, O F is the secant of the angle D O B, of which B T 
is the tangent 

Sine. The sine of an arc, or of the angle subtended by it, 
is a line drawn from one extremity of the arc at right angles to 
the radius, drawn from the other extremity of the arc, and 
through the centre of the circle,, thus, D I is the sine of the 
angle DOB. Both the sine and the tangent are perpendicular 
to the radius, drawn from and to the same pointy and they are 
therefore parallel. 

Each 01 the above three signs increases as the angle increases. 

Cosine. The cosine of an arc, or of the angle subtended by it, 
is a portion of the radius, intercepted at the centre by the secant 
at one end, and by the sine at the other end ; it is at right 
angles to the sine and to the tangent This sign decreases as 
the angle increase& 1 is the cosine of the angle DOB. 

Yebsine. The versine of an arc, or of the angle subtended 
by it, is that portion of the radius intercepted between the sine 
and the tangent, to both of which it is perpendicular. The 
versine increases as the angle increases. I B is the versine of 
the angle DOB. 

Secant^ = Radius^ + Tangent^ 

or the square oi the Secant = the square of the Radius + the 
square of the Tangent 

The square of the Radius = the square of the Sine + the 
square o£ the Cosine. 

Cosine : Sine : : Radius : Tangent. 

Cosine + Versine = Radiu& 

Radius — Cosine = Versine ; 

J (Radius* + Tangent^ = Secant 

Complement of an Angle. The complement of an angle 
is that portion of a right angle which an angle wants of a 
right angle ; or the complement of an angle is that portion of a 
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right angle which the angle wants of 90 degrees ; thus, if the 
given angle be 50 degrees, then the complement of the angle ia 
40 degrees. DOB being the angle, A D is the complement 
of the angle ; and, therefore, an angle and its complement are 
always equal to 90 degrees. 

Cotangent and Cosecant. — The cotangent of an arc, or 
of the angle subtended by it, is the tangent of the complement. 
It is a straight line drawn from one end of an arc at right angles 
to the radius, such radius being one side of the complemeni, 
until intercepted by the other side produced ; this other side 
produced, until it intersects the cotangent, is called the cosecant, 
and is to the compleraent what the secant is to the given angle, 
that is the secant of the complement The cotangent is parsdlel 
to the cosine or versine, and the cosecant is on the same line as 
the secant Thus A G is the cotangent of the angle BOB, and 
the tangent of A O B ; O G is the cosecant of the angle DOB, 
and the secant of the complementary angle A D. 

CovEESlNB. — The coversiue of an arc, or of the angle sub- 
tended by it, is to the corrvplertient that which the versine is to 
the given angle ; thus A £ is the coversine of the an^e DOB, 
and it is the versine of the complementary angle A O D. 

The coversine of an angle plus the sine of Uiat angle ^ radius, 
for I C=AO = OB = to radius ; therefore radius minus sine =: 
coversine. Thus much as to all we shall require from a know- 
ledge of the trigonometrical signs as regards the setting out curves. 

Now, let it be supposed that in the figures 81, 82 and 83, the 
radius represents 1, 10, or 100 miles, chains, feet, inches, or any 
other measure, it will be seen at a glance that the signs we have 
above referred to, that is the tangents, secants, cosines, sines, 
&c., will be either less or greater than, or equal to, the ra- 
dius, and that their proportions to the radius will increase or 
decrease as the angle D O B is more or less acute. 

Thus in Fig. 83, where the angle D B is greater or more 
obtuse than in Figs. 81 and 82, the tangent B T, the secant T, 
the sine I D, the versine I B, are greater in Fig. 83, in propor- 
tion to the radius, than these signs are in Figs. 81 and 82 ; but 
as regards the cosine 01, the cotangent A G, the cosecant OG, 
the coversine A E, these signs will be less in proportion to the 
radius in Fig. 83, where the angle D B is greater than in 
Figs. 81 and 82, where the angle D O B is less. 

APPLICATION OF TBIGONOMETBICAL TABLES. 

If, therefore, we take the radius as equal to anv given lineal 
measure, it is clear that the signs above referred to will have 
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nnmerical representatives according to the measure of the dif- 
ferent angles subtended by the arcs. In the tables* the radius is 
equal to 1^ or unity, and the trigonometrical signs are less or 
greater than unity, or equal to it, accordingly as the angles 
yaries. With- Hutton, from 0° to 45" we read from the top 
of the page downwards, and from 46'' to 90° we read from the 
bottom of the page upwards ; the minutes being on the left hand 
in the first instance, and in the second being on the right 

Example. — ^Let the given angle be 11 degrees and 27minuteS| 
then the proportions will stand thus : — 

Radius = 1, sine •1985, coversine = *8015, cosecant = 6*03746, 
tangent =2025, cotangent = 4-93720, secant =1-02080, &c. 

Again, let the angle be 42"" 22', and the proportions will stand 
thus :— 

Badius = 1, sine = '67387} coversine = '32613, cosecant = 
1-48396, &c. 

Or, let the angle be 88^35', the proportions will be as follows :-— 

Badius = 1, sine s 99969, coversine = *00030, cosecant = 
1-00080, &a 

Note that in the operations connected with ranging curves, it 
is not necessary to t^e into calculation more thw four figures 
of decimals. 

To elucidate further the use of the tables, let the angle be 
SO'' 26', and let the radius be 40 chains ; required the lengths of 
the tangent^ secant, and cotangent. 

B4»(][uiTed lengths 
Tabular values. in GhainB. 

. , r Tangent = -6871 x 40 = 23-484 

^fif^l^ Secant = 11696 x 40 = 46-384 

"*" ^^ (Cotangent = 17033 x 40 = 68132 

Take now the same angle, but with a radius of 6000 feet ; 
required the lengths of the same signs. 

Required lengths 

Tabular values. In Peet. 

. . (Tangent = -5871 x 6000 ^ 2986-6 

^^Jt'l Secant = 1-1596 k 5000 « 6798-0 

"*" ^^ (Cotangent = 17033 x 5000 = 8616-5 

With the same angle again, and a radius of 60 chabs, required 
the lengths of the Qosecant and coversine. 

Bequired lengths 
Tabular numbersw in Chains. 
Angle J Cosecant = 1-9762 x 60 = 118-612 
80^26' t Coversine = '4987 x 60 = 29*622 

* See Hutton's or Young^s Trigonometrical Tables. 

K 2 
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Let us now suppose that we have a trigonometrical figure, of 
which a line we assume as cotangent is equal to ]0'57, the 
radius being 4500, required the angle, the cosine, and coversine. 
Divide the given cotangent by the radius, and we have "2348 
for cotangent to radius 1 ; look for this number '2348 in the 
column of cotangents, and we find the corresponding angle to 
be 76^ 47' ; on the same line we find for cosine '2286, and for 
covers 0265 ; these Multiplied by our radius of 45*00 give 
respectively 10*287 and J '1925 for our cosine and coversine. 

The foregoing observations and the examination of the Figures 
81, 82, and 83, will readily suggest a method of setting out a 
curve in a manner mathematically correct, and quite as simple 
and practical. Let A C, in either of the figures referred to, be 
tangent to a curve of any given radius ; and let C D at right 
an^es to AC be the ofiset of which the length is required. 
A C is equal to the cosine 1 of the angle DOB; if we divide 
A C = O I by the given radius we shall have the length of the 
cosine of the angle DOB, whatever that angle may be, but the 
radius will be 1, or unity. In the columns of cosines seek for 
that number thus found, and on the same horizontal line we 
shall find the minutes, the angle itself being at the top or 
bottom of the page, accordingly as we find our figures to read 
from the top or bottom of the page 

Ex: Thus let the length of AC be 100 feet, and let the 
radius be 400, and let it be required to find the length of the 
ofiset C D, so that when C D is measured off at right angles to 
A C, D shall be a point on the curve. 

400)100(0-2500 = natural cosine to radius 1. 

In this case, as in almost every other connected with the setting 
put of purvey in this manner, unless the lengths of the given line 
and the given radius approach to equality, we shall have to seek 
for the number *2500 in the column cosme from the bottom of 
the page ; the required angle will therefore also be at the bottom 
of the page, and the minutes in the column signed or marked (") 
on the 'i'ight hand. We shall in this manner find 75° 31' 
for the angle, by means of which we shall obtain other figures 
which will not only give the ofifeet required, but the means of 
checking our work. 

Observe that in either of the Figures 81, 82, and 83, the ofl&et 
C D is equal to the. coversine A E of the angle DOB; then if 
on the same horizontal line where we have found *2500 we look 
in the column signed coversine, we shall find -031 77 as coversine 
to the angle 75° 31' for a radius equal to unity; and if we 
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multiply this by our given radius of 400, then we shall oblain 
the length of C D required. 

•0318x400-1272 

This measured off at right angles to A C from the point'C will 
give the point D on the curve, hit without any refereTice to the 
Length of the arc A D. 

Similarly let A C = 20 chains and radius 70 chains ; required 
the offset CD: 

20-i-70 = 0-2857 = cosine of angle 73^ 24', near enough, 

of which the coversine = *0417; and '0417 x 70 radius = 2*919 = 
offset C D. 

Before, however, proceeding any further let us return to the 
subject of checking our work. 

Observe that in the Figures 81, 82, and 83, AG is the cotan- 
gent, and G the cosecant of the angle DOB; and referring to 
our first example in the tabular numbers the cotangent = '2583^ 
and the cosecant = 1-0328, 

Then, 

•2583x400 = 103-32 = AG. 

And with regard to the cosecant O G, 

10328 X 400 -4131 2 = OG. 

But GO -radius = GD; 

Then, 

4131 2-400 = 1312 = GD, 

•which will be the exact length measured from G to D, if the 
point D has been correctly set out 

Similarly in our second example, A C will be found equal to 
20-867, and G D = 3-044. 

As before observed, the above examples have been gone through 
without any reference to the length of the arc A D, and we have 
taken the covei-sine, the cotangent, and the cosecant of the angle 
DOB, because A C = 1 = cosine*^ radius, enabled us to get at 
the tabular cosine ; this once obtained we find, as above shown, 
the coversine AE = CD, and the cotangent = AG, and the 
cosecant = G, and therefore by subtraction G D also. But 
A E, the coversine of the angle D O B, is the versine of the 
complementary angle A C ; and A G, the cotangent of the 
angle D O B, is the tangent of A C ; O G, the cosecant of the 
angle D B, is the secant of A O C ; but 90"-75'* 31' == 14" 29' 
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:= the angle A D, of which, therefore, A E^ A G, and O G are 
respectively the versine, the tangent, and the secant of the angle 

By referring to the angle 14** 29" in the tables this will be 
found to be the case ; for, 

Angle. Tabular numbers. 

{Versine . . . = -0318x400 . . =12-72 

Tangent . • . = -2588 x 400 . . = 103-32. 

Secant. . . . =1-0328x400 . . x= 413-12 

Also let it be observed that we have now obtained the angle 
at the centre = A D, and this the reader is requested to keep 
in sight. 

Observe also, that by subtracting the angle A O D from 9(f, 
we obtain the angle A u O, for the three angles of a triangle = 
180"", or two right angles, and the angle at A is equal to one of 
them. 

Again, with regard to the angles here concerned, let a straight 
line \>e drawn from A to D, required the angle CAD, which 
may be called the tangential angle ; the three angles of a triangle 
being equal to two right angles, subtract the angle at the centre 
from 180'', and divide the remainder by 2, which will give the 
angles D A or A D O, and the angle A C being a right angle 
90 minus the angle D A O = C A D, the tangential an^a 

• It is not to be supposed that the knowledge of the values of 
all these lines and angles is always indispensable in setting out 
curves, but let it be remembered that an attempt is here made 
to explain thoroughly the rationale of the ranging of curves ; in 
some cases the point D may be quite inaccessible except in a 
boat, or it may be impossible to measure from C D. Now, having 
the angles at A and at G, D may be set out by the use of two 
box-sextants used simultaneously at A and G ; and as a check 
upon this> always requisite in these cases, note that a line at right 
angles to A C, from the point C, set off by instrument only, and 
therefore without linear measurement, should exactly intersect 
the point D, alreadjr set out from A and G. This may be done 
very readilv and quickly by the box-sextant 

The reader's attention has been already particularly directed 
to the angle at the centre, ADD. Befer now to Fig. 84. 

By the methods given above, we find the angle AGO, for 

9(y*-A0G = A G O, O A G being a right angle. 

From G as a centre, with distance G A, set off G E ; then the 
angle G O £ = A G, because the arc D £ = A D, for equal 
arcs subtend equal angles. 
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One line fiEdling upon another makes the adjacent angles equal 
to (two right angles; the AGO plus OGT=»180^ and also 
AGO,OGE,EGT=180^ 

ButAOG + AGO = 90^ + EOG + EQO = 180"; 
and, subtracting in both cases AGE'=AGO + EGO from 180'' 

leavesEGT = AOE, 

which we may call the double angle at the centre, since it is 
compounded of A O G + E Q. 

« 
Therefore in practice, having the direction of A T given, and 
the length of A G found by means of the tables, if we set out 
by instrument the anele T G E equal to twice A O D, and then 
make G E = A G, E wul be another point on the curva Evidently 
also, if we have the direction given of the two tangents A G 
and E G, and we wish to ascertain the distances G A and G E 
from G, at which the curve is exactly tangent, we have only to 
measure the angle T G E, divide it by 2, look for the Quotient in 
the angles in the tables, and on the corresponding line in the 
column signed tangent we shall obtain the tabular length or 
number correspondmg to the angles at the centre, A G, E O G, 
each equal to half T G E, and which tabular number multiplied 
by the radius, will give the distances G A and G E. 

In the last' page we have supposed the angle A O D » 14^ 29' ; 
then the angle T G E will be equal to 28"" 58', and if we have 
the same radius of 400 feet (taoular tangent being *2583) we 
have only to niake G E = 103*32, and E will be a point on the 
curve. 

Length of Arc. Let us now take into consideration a given 
length of arc upon a curve of a given radius. 

Ex. Radius 60 chains, and the length of a portion of the 
curve = 10 chaina 

A quadrant embraces 90 degrees, which multiplied by 60 
minutes, gives 5400 minutes ; the constant number 3'1416, mul- 
tiplied by the diameter of a circle = the fcircumference, and in 
tins instance therefore, 3'1416 x 120 = 376*992; but as we only 
require the length of the arc for the quadrant, or a fourth part 
of the circumference, we may multiply 3*1416 by half the radius, 
and we shall have a length of arc = 94*248, (of course in chains) 
subtending the 5400 minutes in the quadrant 

94-248 : 640^ : : 10 : STZ'-SS = 9" 32r-96 « A D, 
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the angle at the centre, subtended by the arc of 10 chiuns with 
a radius of 60 chains. 

Or, 9-4248 J 5400 (^ 572'-95 = 9" 32'-95 = A D, 

the angle at the centre. 

That IS, divide the length of the arc for the quadrant by 10, 
and by the quotient divide 5400, the number of minutes in the 
quadrant, which will give the number of minutes in the angle at 
the centre A D, and this divided by 60, gives the angle in 
degrees and minutes. 

As another example^ let the length of the arc still be 10 chains, 
but the radius 25 chains. 

31416 X 12-5 = 39-27 = length of arc in quadrant. 

And, 

3-927 J 5400 (^ 22° 55' = angle A D at centre. 

Let us return now to the radius of 60 chains. The first thing 
We shall require will be the length of a tangent, (not a trigono- 
metrical tangent) but a line so called, because it touches the 
circle without cutting it, as before observed ; this line A C, see 
Fig. 85, we require in order to set ofiF from C, and at right angles 
to A C, the length of the offset C D, which will give a point on 
the curve. 

In our first demonstrations, AO D has been called the com- 
plement of the angle DOB; we may reverse this, and call 
AOT> the angle, and D O B the complement 

It has been shown that A C = cosine of D O B. 

90^-9^ 32'-95 = 80^ 27'-05; 

A O D = 9* 32'-95, and D O B = 80" 27'05 

Nat Cos. of 80° 27' = -1659; 

•1659x60 = 9-954 = AC; 

Nat Vers. 9** 3-2'-9"5"= 01386 ; 

•01386 X 60 = 0-8316 = D.; 

Nat Tang. 9° 32'-95 = 1682 ; 

•1682x60 = 10092 = AG; 

Nat Secant 9° 32'-95 = 1*01405 j 

1 01405 X 60 = 60-843 = O G ; 

60-843 - 60 (Radius) = 843 = G D. 

To find A c, and cd; 

Half the angle A D = 4° 46' 30" 

90"- 4" 46' 30" = 85' 13' 30" - Complement df Angle; 
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A c= Codne of SSny 8(r X 60 
cci=Vendneof 4^46'30''x60 
We shall by this means find Ac- 4995 

and cd- 02082, or very nearly 21 links. 

With regard to the lengths of the intermediate ofibets, observe 
that^ as an approximation, the lengths of these will be at the 
consecutive chains as the squares of the times ; that is, 

if at 1 chain =» 1 

then at 2 „ = 2k 2x1=4 
atS „ = 3x 3xl=:9 
at 4 „ =4x4x1 = 16, &a, &c. 

and at 10 „ = 10 x 10 x 1 = 100. 

In the case now in hand, it is at 10 chains = 0*8316 ; 

then at 1 chain it will be 100th part of 0-8316 = 0-008316 
at 2 chains it will be 4 times this = 0*0332 

at 3 „ „ 9 „ :== 00748 

&a &a &a &a 
The ten first chains are now set out. 

To carry on the course of the curve, make the angle T G T^ = 
9' 32'-93 X 2 = 19^ 5'-90, and repeat along G E and E F the same 
operations we have been carrying out along AG. Having 
reached F, make the angle T* F L = T G T^, that is = 19** 5'-90. 

On reaching K, after passing H, the length of the arc mea* 
sures 4*40. To reach the tangent K L, we must multiply our 
offset at 1 chain = 0008316 bv (44 x 4-4) = 1936, which will 
give 'for oSsei 0-1607 . . . which if the curve has been correctly 
set out, will be the exact measurement from the tangent to the 
point E, supposed previously fixed. 

In practice the fixing of A and K is the first thitig to be done, 
in order that we may have the exact points at which the curve 
joins the tangents A T, E T. To ascertain this, range out as 
correcUy as possible A T and E T from the plan, measure the 
angle K T X, one half of which, as already shown, will be equal 
to one of the angles at the centre, and which has in our former 
demonstrations been called the angle ADD. 

From the tables find the natural tangent of half the angle 
K T X, and multiply it by the radius, which will give the length 
of T A and E T, A and E being the points at which- the curve 
is to commence and tetminatOi 



1 88 LENGTHS OF CURV£&<-«-SETTING OUT BT fiEGANTS. 

At the same time that the natural tangent is taken from the 
tables, take out also the nattiral secant of the angle at the centre, 
multiply it by the radios, and then subtxact the radios; the 
remainder wiU be equal to T S, which in the Figs. 81, 82, 83, 
and 84, we have hitherto called G D. 

Ex. Angle K T i ^ 42^ 24'. 

42" 24' 

— ^-^ - 21° 12^ = one of the two angles at the centre. 

Nat Tangent 2m 2' = -3879 x 60 = 28-274 = A T or T K. 

Nat. Secant 2m2' = 1-07258 x 60 = 64-3548-60 = 4-3548 = T S. 

But 180^-42" 24' = ISr 36'-i-2 = 68" 48' 

If then we make either of the angles A T S, K T S = 68** 48', 
and make T S = 4*3548, we shall have the point S on the curve. 

To fi/ad ihe Length of ike Cui^ve. — Refer to the proper table 
for the lengths of arcs, take out the tabular numbers referring to 
the degrees and minutes subtended by the angles at the centre, 
and multiply them by the given radius, which will give the 
length of curve. 

Ex: Angle 42" 24' J 

- - Tabular number for .42" = -73303 - 
„ „ 24' =00698 



-74001 
60 



Length of curve = 44-4&060. 

Another method to ascertain the length of the curve will be 
found further on. 

In Setting out by Secants. — If we choose to set out, as, 
for instance, m the case of a long curve, more points than the 
central one S by means of secants before proceeding with any 
other method, we may take half the tabuUiv ta/ngent already 
found, and ascertain by this in the tables the corresponding angle^ 
and consequeiitly the tabular secant. 

Ex : In Fig. 86 the tabular tangent for A T = '8879 as above; 
'^^ = -1 9395 = nat. tangent 10" 68' 30", 

nai secant 10' 68' 30"= 101863 x 60 = 611178-60=11178 = 
GD; and, 

90°- 10° 58" 30" = 79° 1' 30" = A G D* 



RANGING CURVES WITH THE THEODOLITE. 139 

The method above explained we will call setting out by tan- 
gents and secants, in order to distinguish it from the method to 
be given next, and which is almost entirely performed by instru- 
mental observation, and consists in setting off with a theodolite 
the angles T Aa, T A&, TAc, &c., Fig. 87, at the same time 
that the chaina^e A ct, a 6, a c, &c., is carried forward, Aa, A 6, 
A c, &c, subtending so many angles at the centre. 

In setting out by this method we have first to ascertain the 
points A and ky at which the curve commences and terminates ; 
this is obtained by measuring the angle X T L, Fig. 85, explained 
above. We thus ascertain the lengths of the tangents T A and 
T ky and these being measured off from T give the points A and k. 

Then divide the constant 1718*9 by the radius of the curve to 
obtain the angle T A a, and call this angle A 

Then T A 6 = 2 A 
TAc = SA 

TAd = 4A, &c., &C. 

Ex : Let the angle XTk, Fig. 85, be equal to 38* 30', equal 
to twice the angle at the centre, which we have Called A D in 
the former figures ; and let the radius =360 chaioa 

Nat tangent 19^ 15 = -34921 
•34921 X 60 = 20-953 = T A or T Jk. 

This distance measured off on the tangents gives the points 4- 
and k for commencement and termination of the curve. 

1718-9^-60= 28'-65 =T Aa^tangential angle, Fig. 87. 
28'-65x 2 = 5r-30 =TA6 
28'-65x 3 =r25-95«TAc, &a, &C. 

Length of (7urt;e.«— Observe that half the angle XTk (Fig« 
85) ^ the angle A D, Figures 81, 82, and 83, is also equal to 
the angle of deflection OAD in those Figures, and TAA;, 
Figures 85 and 87* 

Divide half the angle X T i or the angle of deflection i/n, 
minutes by the tangential angle, and the product will be the 
length of the curve. 

Ex: 38'*30'-4-2=1155'i 

and 28''65)1 1 55(40*314 = length of curve in chains. 

Before removing the instrument from T set out the angle 
ATS, which is equal 90"- 19^ 15'. 

Nat secant 19^ 16:=^1'05922 ; 

1-05922 X 60 ^ 63-558- 60 = 3*553 » T & 
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We thus obtain the point S at the centre of th^ curve, by the 
means of which we have check on reaching that point. 

To Range the Curve by the Tangential Angle. — ^Plant the 
theodolite at A, with the zero on T, set off the tangential 
angle T A a = 28'*65, and measure off I chain from A to a; the 
intersection of the visual line with the end of the chain fixes the 
point a; for the second chain set the vernier of the instrument 
at twice T A a = 57''30, and measure another chain from a to &, 
when the intersection will fix the point b, and so on. 

Having thus set out a certain number of chains, sa; to d, 
move the instrument with the vernier fixed at the angle T A (2 
to the point cU There fix the instrument with the vernier on A, 
and then move round to zero, which will place the visual line on 
the tangent d T* ; reverse the telescope, which will give the tan- 
gent produced to T», and set out the angle T»d e = 28'-65, T« df 
= 57' '30, &c., as before. 

Repeat this operation till we get to the end of the curve. 

Generally 10 chains at each plant will be sufficient ;* when 
after reaching i, ik is sl fraction of a chain, then the angle idk 
will be a corresponding fraction of the tangential angle ; thus if 
ifc = 0-40, theidA; = ll'-46- 

Oiven Two Points on the O-round to Pass a Cui've {hrouah 
them when each is visible from the other. — Measure the 
length A fc, Figures 85, 86, 87, and the angle TAi, and divide 
the angle in minutes by the length, which will give the tan- 
gential angla Possiblv the difference between the length of 
the chord and that of the arc may be sufficient to prevent the 
last stump set out from reaching k properly ; but we shall then 
have the correct length of the arc, by which again dividing the 
angle of deflection we shall obtain the correct tangential angle. 

To find the Radius of the Curve thus set out divide the 
constant 1718*9 by the tangential angle, and the quotient will 
give the radius. 

Therefore if from A we can obtain sight of k and the distance 
A ky we ascertain the angle of deflection, the tangential an^e, 
the angle at the centre subtended by half the arc, and also the 
radiua On reaching the point k we have merely to fix the 
direction of the straight tangent at that point by the method 
already explained. 

Given Two Points on the Oround not visible from each 
* Unless the verniers should read a fraction- of a minute^ 
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oiher. — In this case we must set out the tangents AT and 
Tk, Fig. 88, measure the angle XT A;, and proceed as before 
explained to find the length of AT and TA;, and divide the con- 
stant 1718*9 by the radius to find the tangential angle by which 
to set out each chain's length. 

To find Radius when this is Tiot given, but the two 
points A and k on the ground still fixeed. — Here again 
measure the angle X T A;, Fig. 88, half of which is equal to the 
angle A O T = the angle of deflection T A A; ; from the tables of 
natural lines and tangents take out the natural tangent of half 
the angle. X T A;, and measure the distance of tangent T A or T A; ; 
then, as nat tangent of half the angle X T A; is to 1, so is tangent 
T A to the radius required. 

Ex: Let the angle XTA; = 38"80', half of which = 19^5', 
and let T A or T Aj = 20-953- 
nat. tangent 19"* 15 = 34921 ; 

then, 

'34921 : 1 : ; 20*953 : 60 = radius required. 

That is to say, divide the measured length T A or T A; by the 
tabular tangent of half the angle XT A;, and the quotient will be 
equal to the radius sought ; 



and^ 



and. 



\: = tangential angle for setting out, 
radius 

half the angle XT A; ^ j^^^^ ^^ ^^^ ^ ^^^^^ 
tangential angle 



^ Setting out with a 100 Feet Ohadn. — ^It'is very usual in 
England to range a centre line with the '^Gunter's chain"" of 66 
feet, but it is not, however, always the case. In the colonies and 
elsewhere it is very common to use a chain 100 feet long, and it 
is by no means a had plan, as it expedites the work, stumps 
being then driven at a distance of 100 feet apart instead of 66. 
In using the 100 feet chain we may use any of the methods 
above described, but the calculations will slightly differ. 

For instance, in setting out with the instrument and by tan- 
gential angles, instead of the constomt 1718*9, we must make use 
odhecoT^tcmt 171872*8^ the radius being given in or reduced 
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to/e6^, instead of being given in chaina By dividing this last 
constant by the radius in feet, we shall obtain the ta/ngential 
angle for the chorda of 100 feet each by which we set out 

Ex : Let the exterior angle XTk, Fig. 6, = 38"" 8(y, half of 
which = one of the angles at the centre, or = the angle of deflec- 
tion, and let the radius » 3960 feet 

Nat. tangent 19^ 16' = -3492 ; 
•3492 X 3960 = 1382-8 = tangent T A or T fc 
3960)17l872-3(43'-4 = tangential angle for 1 chord = 100 feet 
19" 16' = 1166', 
and, 

43*4)1166(26*61 = length of curve, in chains of 100 feet each. 
Nat secant 19° 16' = 1*0692 x 8960 = 4194-48 
4194*48-8960 = 28443 

It is scarcely needful to add that the 100 feet chain may be 
used equally well in setting out by the method previously 
explained, that is, by tangents and secants, &a 

Of the two methods it may be observed, that under ordinaiy 
circumstances the work may be equallv well done by either 
meUiod, and with equal despatch. In hilly, broken country the 
second method has pefhaps the advantage slightly, but for curves 
of short radii the firot method is the most accurate ; indeed, with 
a fair average iunount of care, it is mathematically correct; in 
either case some calculations on the ground are necessary, more 
so by the first method than by the second, and to shorten these 
tablets will be found at the end of the volume for arcs of 10 
Gunter's^chains, corresponding to all the radii usually laid down ; 
by the help of these the r^er may get through a very fair 
amount of work in the course of a day. 

It will not be irrelevant to add that although in England we 
almost always stifinp out at every chain's length, it is diffiarent 
in some of the wila lands in which the engineer pursues bis 
avocations. Here very often five and ten chains apart is suf- 
iicient at first, particularly in feeling his way through a rough 
country with perhaps a very indifferent plan« 

Reverse CURVBS.-^In setting out reverse curves the caae is 
so very simple usually that noting need be added after the 
foregoing explanations. Reference to Fig. 87 will alone point 
out that to set out the reverse curve, K a, we have only to set out 
from right to lefty instead of left to rights as in setting out from 
A to E, varying the offsets or the angles, as we may be setting 
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out by the one or the other of the methods above explained, 
accormng to the radius of the curve. But, let it never be omitted 
in setting out reverBecurveSy to leave about two obaiDS of straight 
line between the curves. 

8eUmg out a Ov/rve where the Vision is Obatructed. — 
This is by no means an unusual case ; we may have some 20 
or 30 chains of curve to lunge through a wood, where we can 
neither produce our tangents, nor measure the a^gle of deflec- 
tion, T A Ky Fig. 89. Suppose the preceding curve ranged as 
£Eur as 0, and the straight tangent as lap as A, 

Take the radius from the plans, and by either of the methods 
explained above range as far as K, and if the curve be of any 
length, and there is reason to doubt the accuracy of the plan, 
then for expedition we may range out five chains at a tima On 
reaching K, let the error he equal to K K^, or KE^ 

In ranging from A to K, we have set out a curve subtending 
a certain angle at the centre, half of which is equal to the angle 
of deflection, T A K! 

To find the Angle at iJie Centre, a/nd the Angle of Deflection, 
from the Rddvua and tiie Length of Ov/rve. — Divide the length of 
the curve by the radiu& From the Table giving the length of cir- 
cular arcs^ take out the number nearest to the quotient we have 
obtained, and on the same horizontal line we shall have the 
degrees ; to find the minutes, subtract the tabular number just 
taken out from the quotient, and look for the remainder amongst 
the length of arcs corresponding to nainutes, when we shall ob- 
tain the minutes, which, with the d^frees, will give the ande 
sought, half of which will give the angle of deflection, T A £, 
which we have just set out 

But the curve sought to be set out would have given the 
angle T A K^, or T A 1L\ accordingly as the error may be ; and 
all three of these angles are subtended by the arcs, fe'T, E^ T, 
E> T. 

Of these arcs we niust find the radius. ' If the curve A K be 
tolerably flat, and not a very considerable portion of the circum- 
ference, we may take the curve A E as = radius ; if otherwise 
we must find the actual length of the chord A E. 

To obtain this, observe that as the sine of A E is to radius, 
so is the sine of A E to A E required. 

If we can find the angle E^ A E, or the angle E' AE, we shall 
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only have to add the one to, or subtract the other from^ the 
angle T A E^ to obtain the ansle of deflection required. 

Now the length of arc, K K^, or K K^, divided by radius, will 
give a number which we have only to treat as we have a similar 
one just aix>V6, to obtain the angle required, and which, added 
to, or subtracted from the angle of deflection, T A K, to obtain 
the correct angle of deflection, T A K\ or T A K^. 

If we are going to set out by instrument, then treat this new 
angle of deflection as explained above, the first step being to 
divide the angle of deflection by the radius to obtam the tan- 
gential angle. 

If we are going to set out by tangents, secants, &c., with the 
tables of oi&ets, we must first find the radius. To do this, divide 
the angle of deflection by the length of the curve which gives 
the tangential angle, then divide 1718*9 bv the tangential angle, 
which will give the radius of the curve to be set out 

But if we are using the 100 feet chain, then the calculations 
will be similar, but the constarU wiU be as already ahown^ 
171872*3, or 1718*9 divided by the radius in feet, will give the 
angle for 1 foot. 

Interaection of Tangents Inaccessible. — In Fig. 90, on the 
tangents A T, K T, let the distances b T and E T be inacces- 
sible by reason of their extending into masses of buildings, or 
into an impenetrable wood. 

To obtain the angle X T c, measure the angle Abe, and the 
angle Kcb, and subtract each of them from ISO''; the two re- 
mainders will together be equal to the angle XTc required, 
the tangent of half of which gives the distance, T A, or T E, but 
since b T and T c are both inaccessible, we must ascertain their 
lengths before we can measure oSba,OTch Carefully measure 
b Cf then 

As sine bTc :bc : : SineT&c : To; 

Also, 
As sine, bTc: be : : Sine, Tcb : T b. 

Observe that the sine of the angle, bT c,is equal to the sine 
of X T c, the angle, b^ o, being an obtuse fmgle, or greater than 

90^• 

* At page 128, and at Figures 81, 82, and 83 we have entered i^to some 
explanations of the trigonometrical signs. Beferring to the same fifrures, we 
have here to add, that as Wiq complement of an arc or angle is that which such 
arc or angle wants of 90°, so is the 8«m>iement of an arc or anjg;le that which such 
arc or angle wants of 180° ; thus D'B' is the supplement ot the arc B D', and 
the angle!)' B' is supplement of the angle BOD'; and D' V the sine of the 
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Given in words the rule will be — As the sine of the angle 
bTcis to the aide bCy so is the aine of the angle Tcb to the 
sideTb. 

Having found the lengths of T 6 and T c, it only remains to 
subtract each of them from the length of the tangents, T A and 
T E to obtain the distance b A and o K, taking care, however, 
to subtract T 6 from T A, and T c from T K ; as although T A 
and T E are exactly equal, T 6 and T c may not be equal to each 
other. 

Example. — In Fig. 90, let A E be a curve of 40 chains radius; 
let the tangents aAb^Lkche set out from the plan as 
usual. 

Measure the angle Abe, and the angle "Lcb, and the length 
be; 

let the angle A 6 c = 1 58° 20', 

and „ Ec6 = 153M2'. * 

and 6 c = 14-10. 

Then 180"-158" 20' = 21" 40' = the angle Tbc, 

and 180°- 153^ 12' -26° 48'= „ Tcb, 

T6c + Tc6 = 21°40'-f 26° 48 = 48°28' = the exterior angle XT c; 

48° 28' 

— 2~''2*° ^*'' ^^ tangent 24* 14' = -4.5012. 

Then -4601 2 X 40 = 1 8-005 = T A or T K 

180'-X T = 6 T c, or 180''-48'' 28' = 131° 32' = 6 T & 

Sine 181' 32'=sine 48° 28'= 74867, 
and, 

Sine 21° 40=-3692, and sine 26° 48=-45087, 

then, 

74867 : 1410 :: 3692 : Tc, or 7-088; 

and, 

T;k-Tc=cJfe, or 18-005-7088=10-917; 

then measure ofif 10-917 from etoh; 

supplement D' B' is also the sine of the angle B IK, and the cosine V 
supplementan[ an^le ly O B' is also the cosine of the angle B D'. Therc- 
forp in lookins^ m the tables of Sines and Tangents, &c., for the sines and 
cosines of angles greater than 90°, subtract such angle from 180^, and look 
for the sine and cosine of the remaining angle. Thus the sine or cosine of 
120° is merely the sine or cosine of the tuppUmenlary angle equal to 60°. The 
correct understanding of this, and of what has been said already upon the 
subject, is ^ that win be required for our purposes at present. 

L 
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and 

•74867 : 1410 i 45087 : 8'494=T6, 
and 

18006 -8-494=6 A = 9-611 

then measure off 9'511 from 6 to A. 
Fig. 90 is drawn to a scale of 8 chains to 1 inch. 

ATwther oase of inacoeaaible distance or obstiruction is shown 
at Fig, 91, where after ranging from a to A the curve rv/M 
on to D a/ad L, after passing fat* some distance through water. 
— ^ThiB is by no means an unusual case, where a line runs along 
the bank of an estuary or along the sea^ shore. From the plan 
measure carefully the distance A D, and make A D some round 
number, as in the figure where it is made equal to 21 chains, 
the radius heing 80 chains. 

Divide the length of the arc by the radius, and by means of 
the quotient, from the table of the lengths of arcs, find the 
angle subtended by the arc A D. 

21 J 30 (^ -7000. 

Length of arc *69813 corresponds to 40'' 

•0020 „ „ 0** T sufficiently near. 

-70013 

Then the angle subtended by the arcss40'' 7' ; 

— 2^ - 20^ 3' 30" = angle of deflection at D ; 

90*-20* 3' 30^ = 69*66' 30^ = D AO or O AD. 

N.OW take out the tabular versine of the angle subtended by 
the arc A D = 40"" 7', and also the sine of the same angle. 

Nat Versine 40" T =-23626 x 80= 7068= A V ; 
Nat Sme 40" 7= 64434 x 30= 19330=7 D. 

Supposing that as yet we have been setting out by tangents, 
&C. and ofifflets, then the tangent At is alr^tdy fixed on the 
ground ; with the box or pocket sextant set out A V at right 
angles to A ^, and make A ¥== 7*058 ; and at Y set out Y D at 
right angles to A Y, and make Y D= 19-330. 

Now at A make the angle DA 0=69" 66' 30*, when the 
visual line will intersect the point D measured off from Y. 

To carry on the oourse of the curve from D to L. The three 
angles of a triangle being equal to 180^ and O Y D being one of 
them, observe that 90** -40** T = 49" 68' - the ande Y D O ; by 
means of this angle YD 0, and then at D, set off T^ D at right 
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angles to D O ; the curve may then be continued on to L by 
tangents, &a and offiets as before. 

If setting out by theodolite, then at A fix A t^ by the method 
already shown, reverse the telescope and make the angle 
TAD = 20'*3'80", and also make A Vat right angles toA^ 
and from V, set out V D at right angles to A V ; if 6 is sighted 
off from Y by an assistant at the same time that the angle 
T A D is being set off, the visual intersection will be at D, and 
VD will measure as above 19'33. To carry on the curve from 
D, plant the theodolite at that point ; fix the vernier at 21 times 
the tangential angle for 1 chain, there being 21 chains from A 
to D, and move round to zero ; then reverse the telescope which 
fixes DT^. 

A very analogous case of inaccessible distance, but requiring 
different treatment, occurs in Fig. 92, when the curve A K 
crosses a river at 6 and c. The point 6 we may set out by any 
of the methods above explained, but not so the point c, for we 
cannot measure from & to c ; neither can we set out the versme 
A V, nor the sine V C. 

By the means already explained, after measuring A0 on 
the plan, we obtain the auj^le at the centre, half of which 
is equal to the angle of deflection. Having the angle at the 
centre, we obtain the length of the tangent, which set off as at 
AT. Take out the secant and subtract the radius, which 
gives T d. To obtain the angle c2 T A, subtract the angle at 
the centre from ISO"", and divide the remainder by 2, which gives 
the angle OdA.,0 being the centre and left out in the figure to 
save space; OO"*— the angle OdA = the angle TdfA; and 
180° -T DA + dAT=Ac2T, which List angle set out at T. 
Now at d make the angle Ad^Y^to the angle of deflection, 
and at A set out the angle of deflection T A c, and the inter- 
section at e will give the point on the curve which was 
required* 

Having the angle at the centre, we may set out the sine of 
the angle, as at AC, and the versine at' C, at right angles to 
A 0, will give the point d, 

A perfect understanding of the above very simple,, though 
perhaps very tedious remarks, will enable us to find out another 
way to extricate ourselves from some of the difficulties which 
often arise, morid particularly in uncultivated districts, where we 
may be at times, to a certain extent, feeling our way, and where 
time is precious. 

In Fig. 93, let the curves and the tangents be altogether in 
the midst of a large wood, through which we have reached our 

L2 
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way as far as A ; required to set out the curve A L, with a 
radius of 20 chains ; the direction of the tangent A T, however 
short it may be, is fixed by our previous work. With the theo- 
dolite at A, and the telescope on A T, pick out some line A D, 
on which there is a clearing, or where it is most easy to make 
one. Measure the angle TAD, and subtract it from 90"", which 
leaves the angle D AO=:ADO^; twice either of these sub- 
tracted from ISO"", gives the angle at the centre subtended by 
the chord or arc A D. 

Thus, let TAD=12M6'; 90^-12** 15'=7r 46'=D AO or 
ADO^ 

180^ -(77' 45' X 2) =24** 30'= the angle at the centra 

' Observe that twice the sine of half the cmgle at the 
centre ia equal to the chord of thoit angle; the sine of 
12" 16'= -21218; 

•21218 X 2 X 20 (radius) =8-487. 

Then 8*487, set out in the direction A D, will be a point on 
the curve. 

To find the chainage of this on the arc itself, take out from 
the Table, giving the lengths of circular arcs to radius 1, the 
tabular numbers to 24"" Su , and multiply them added together 
by the radius, which will give the length of the arc^ thus, 

Tab. No. 24' = -4188790 
„ 0-30'= 87266 

•4276056 X 20 = 8-562 = length of arc, 

which added to the chainage at A, will give that at D. 

Bemoving the instrument, with the verniers clamped to the 
point D, bringing the instrument to bear bodily on A, and 
there clamp it; then setting the verniers to 86ff* and 180°, 
will give the direction of the tangent T^T^, when we may repeat 
the operation for a longer arc, as D L, or a shorter one, as D cZ, 
as circumstances may xnake convenient 
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CHAPTER XL 

The Variation of the Magnetic Needle. — Mules to find the 

Variation. 

To find the variation* of the needle. Having found a convenient 
spot, set up a prismatic compass, when the sun s lower edge or 
limb is a semidiameter above the horizon,+ take the bearing of 
its centre from the north or south, whichever is nearer ; the 
bearing subtracted from 90° will be the sun's ^magnetic ampli- 
tude,J from the east or west by the needle. Now to find the 
sun's true amplitude for that day. 

As the cosine of the latitude^ is to radius, so is the sine of the 
sun's declination II at setting or rising to the sine of his ampli- 
tude from the west or east, which will be north or south, as 
the sun's declination is north or south, and the distance in 

* That is the variation of the magnetic north, as shown by the needle, 
from the true north ; this variation is different at different parts of the world ; 
and there is also a diurnal variation. 

i* At this time, although apparently elevated, on account of the refraction 
of the atmosphere, as explainca in the article " Sextant," the centre is in fact 
about on the horizon. 

X The magnetic amplitude is an arc of the horizon, contained between tlie 
sun or star at its rising or setting, and the magnetical east or west point of 
the horizon, indicated ov the magnetical compass, or the azimuth compass ;— • 
or it is the difference of the rising or setting of the sun, from the east or west 
points of the compass. The true amplitude is an arc of the horizon, in- 
tercepted between the true east or west points, and the centre of the sun or 
a star at its rising or setting ; the amplitude is therefore of two kinds, eastern 
or western ; these are also northern or southern, accordingly as they fall in 
the north or south quarters of the horizon. The complement of the amplitude, 
or what it wants of 90°, or the angular distance of the point of rising or 
setting from the north or south point, is called the Azimutu. Azimuths, 
called also vertical circles, aie great circles of the sphere intersecting each 
other in the zenith and nadir, and cutting the horizon at ri^ht angles. 

{ The ktitudc of a place on the terrestrial globe is its angular distance 
from the equator. It is measured on the meridian, being that part of it wliich 
is intercepted between the zenith of the place and the equator. If the place 
is situated north of the eauinoctial line, it is said to have north latitude ; if 
on the other side it is saia to have south latitude. 

II The necessary tables for declination and corrections will be found in the 
Nautical AlmaHac, 
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degrees and minutes between the true east or west, and the 
magnetic, is the variation of the needle. To prevent mistakes, 
sketch the horizontal circle to represent the visible horizon, and 
on it the several data or angles, when it will easily be seen how 
the variation is found, whether by addition or subtraction, and 
on which side of the north it lies. 

Suppose the variation sought at sunset ; draw by hand the 
circle N W S E, Fig. 94, to represent the horizon ; the centre C 
will be the observer s station ; through this draw M S and W £ ; 
then on the north or south of W, accordingly as the sun sets 
north or south of the true west, draw C ©, representing the 
position of the sun at its setting ; and another line C w, for the 
magnetic west, either north or south of ©, as observed to be ; by 
means of these it will be easily seen whether the magnetic 
amplitude and true amplitude ai*e to be added or subtracted, to give 
the variation. In our diagram te; ©, is the magnetic amplitude, 
and "W © the true amplitude ; the angle W © must therefore 
be subtracted from t(; ©, to give W w, the distance of one from 
the other ; and n, the magnetic north, 90 degrees from w, must 
be westward of N, the true north. Observe also, that in the 
above rule the fourth proportional rfound is the sine of the 
amnlitude, and therefore opposite to this sine in the tables we 
shall find the angle or amplitude ; and this will be of the same 
name as the declination ; that ia north, when the declination is 
north, and south, if the declination is south. 

A second method, more simple, though it takes more time, is 
to observe the azimuth of the sun at equal altitudes on different 
sides of the meridian, which will be at equal hours before and 
after noon ; the mean reading will give the true meridian. 

An approximation may be determined by setting up a rod 
vertically on a level piece of ground, having first, with the length 
of the rod as radius, and frt>m the exact spot where it is to be 
set up as centre, described an arc of a circle, and noting where 
this arc is intersected by the shadow of the rod a few hours 
before noon, and then again at the same time in the afternoon ; 
a line through the middle point on the arc between the inter- 
sections, and the foot of the rod will be the meridian. 

Whichever of these two ways is adopted, the difference be- 
tween the meridian thus found, and the ntiagnetic, will be the 
variation, which should be shown on all maps of whatever 
description. 

When the meridian has been thus determined, it should be 
permanently staked out, unless fixed objects can be found to 
aiiswer the same purpose, and this more particularly on exten* 
sive surveys. 
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CHAPTER XII. 



SURVEYING BY OBSERVATION. 



A few obaervations on the great "practical*' value and eoetreme 
avmplicitjf of the elements of plane trigonometry. — SoVa- 
tion of right angled amd oblique amgUd triangles, with 
eaxmiples showing applioalion to nv/merous practical pur- 
poses, with the use of the taJbles. — General observations. — 
Maxims. — Base of operations. — Measurement andposition 
of Base. — Primary and 8econda/ry Bases. — Practical 
exam/pies. 

The title of " Surveying by Observation " has been adopted for 
this chapter, in preference to that of "Trigonometrical Surveying/' 
as being more suitable to such engineering field-work surveys, as 
recpire some few stations to be fixed by observation and calcu- 
lation. The expression of trigonometrical surveying appears 
more applicable to operations connected with geodeesy, for the 
formation of a territorial or county map, extensive military 
plans, and long lines of coast, where details become secondary 
^ matters to those more important of position and distance as 
regards towns, villages, hamlets, hills, mountains and valleys, 
headlands and bays, and the genend directions of roads and 
rivers. Besides, also, this latter expression would convey an idea 
of <' matters mathematical,^' which to many readers would be 
sufficient to make them throw down our poor book, in which we 
have striven with no little pains to divest every page of all ap- 
pearance of sdentific attempts, and to give such modest infor- 
mation as we have to offer in such manner that any one pos* 
sessing an average knowledge of arithmetic may understand and 
practise it. Such information, and indeed much more, is now 
very generally possessed by the best surveyors connected with 
engineering works, and it is more or less indispensable for con- 
ducting the surveys of river, estuaries, harbours, marshy districts, 
lands to be recovered, extensive gathering grounds for waterworks ; 
it is ofken also very applicable where a long and tedious process 
of many miles of chain triangulation is, we must say, smnwttsd 
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tOy in preference to taking, from a well-measured base, perhaps a 
dozen angles, and calculating a few sides of triangles. 

But it will be observed by many persons " it is not practical ;" 
those who have put it in practice know better ; " it is difficult 
to learn ;" in one week the whole may be mastered. " It is 
troublesome to remember ;*' no more so than remembering how 
to measure the brickwork in a bridge, or the excavation of a 
cutting, when once it has been practically applied, and this 
remark may be made of every operation whatever connected with 
engineering field-work. Perhaps, however, no expression in the 
language has been more thoroughly abused than that of " prac- 
tical man," which may, or should be very often taken as synony- 
mous with " quack." 

We very well remember an illustration of this which occurred 
to our own knowledge some years since; an "eminently practical 
man'' of the name of Mr. A , who was in charge of some rail- 
way works, had to set out a tunnel on a reverse curve ; after 
keeping the contractor with his miners and bricklayers waiting 
for about three weeks or a month, he abandoned the task, and 

sent for his friend Mr. B , the engineer in charge of the next 

length, to extricate him from his difficulties, and the tunnel was 

set out ; Mr. B 's assistant, who was another practical man, 

afterwards related that the men on the works inquired where 
that " stranger's peculiar instrument " was, when he replied, " in 
his head, I suppose — why he has taught me so plainly that I think 
I could do it myself," — and so he could. But we have another 
very far more remarkable instance at this present time of an 
educated man becoming practical, in the person of one of our 
professional men, and whom we would name but that ^'comparisons 
are odious ;" certainly a few years ago he was not a practical 
man, but he brought much knowledge of a high order to bear 
upon the subject he was engaged on, and, besides very soon 
mastering the practice, he is now one of our most eminent iron 
bridge engineers. 

We should certainly very much regret if any reader should 
suppose from this that we deprecate that knowledge which is 
practical, and which at starting in life very great sacrifices must 
be made to obtain ; but we have been plain in the above remarks 
because in our experience we have often seen a good method 
abandoned for a bad one in mere deference to the cabalistic 
" practical ;" the other extreme error or shoal is equally to be 
avoided, which is to imagine that by mathematical formulae cUane 
practical results can be carried out ; here again it may be truly 
observed that extremes meet, and that they must always be 
avoided. Our profession, however^ is based upon mathematical 
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knowledge, however obtained, and it is ridiculous to suppose that 
the elementary truths of the science are not always useful and 
applicable ; every year the study of these truths is becoming 
more common, the really practical man, who is induced to apply 
himself to such study, eagerly seeks for more information on 
Uie subject, and if in the course of early professional practice, 
the reader is led to imagine that these elementary truths are 
less valuable than he at first supposed them to be, we would 
advise him to delay judgment, ana to believe, on the contrary, 
that he himself has not yet acquired sufficient practical know- 
ledge to know how, when, and where to apply them. 

Li the chapter on " Banging Curves " we have endeavoured to 
explain in the most simple manner the nature of the trigono- 
metrical signs as regards an angle not exceeding 90"", and we hope 
it has been made quite plain and intelligible that the cosine, 
cotangent, and cosecant of an arc or angle are so called, because 
whatever angular or arcual measure it may be deficient of 90*^, 
is called the complement of the angle, for the cosine, cotangent, 
and cosecant of the angle are the sine, tangent, and secant of 
the complement. 

Exacuy as the term complement is applied to that which an 
arc or angle wants of 90"", or to the difference between any arc 
or angle and one of 90"^, so is the term supplem^ent applied to 
the difference between any arc or angle and 180^; thus in 
Figures 81, 82, and 83, as DO A is the com/plement of the angle 
D. B, or as the arc D A is the complement of the arc B D, so 
is the angle DOB' the supplement of the angle BOD, and 
consequently so is the arc D K, the supplement of the arc B D. 
It has already been shown that a right Ime falling from the one 
extremity of an arc perpendicularly to the radius which passes 
through the other extremity of the arc, is the sine of such arc, or 
the cosine of its complement 

The sines increase in length from 0^ up to 90^ so that the 
sine of a right angle is equal to radius, and a glance at the figures 
will show that the sine of an obtuse angle or of the arc subtending 
it is the same as the sine of its supplement ; for in the two arcs 
BD and B'D', let BD = FD'; thenBD + BD', or BD + BD- 
180°; therefore B'D = B D' is the supplement of B D, or B O ly 
= B' O D is the supplement of B O D ; and sine D I = sine D' I'. 
Therefore the sine of an obtuse angle is the same as the sine of 
the avpplem^ni, and consequently in looking in the tables for 
the sine of an angle above 90", we must find the sine of the sup- 
plemeTU. It also follows that because the sine increases from 0" 
to 90^ so it decreases from 90° to 180°. 
The cosine of an arc or of an angle is also equal to the sine of 
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its supplement in lengthy but oppoaite in eiffn; thus I O^^ O F, 
but lays in an opposite direction ; or as the angle increases from 
0"* to §(f the cosine decreases in length, but from 90"^ to 18(f it 
increases in length. 

From the a^nre definitions it follows that the tangent of an 
obtuse angle is the same or equal to the tangent of the supple- 
ment ; thus the tangent of B' O D is the same as the tangent of 
B O D:==BF. As tiie arc or angle extends from 0" to 90"^ the 
tangent is positiye, increasing from to infinit j, but from 9(f to 
ISO"* the tangent is negative, decreasing from infinity to 0. To 
find in the tables the tangent of an obtuse angle we must look 
for the tangent of the supplement 

As regards the derivation of the numerous trigonometrical 
formulas, which are all based upon geometrical properties, we 
shall not proceed beyond the following demonstrations, but refer 
such investigations to mathematical works on trigonometry, and 
proceed as speedily as possible to the practical application of the 
elements of the science to engineering field-worlc 

Given the sine of cmy arc or angle, to find the coemey 
the tcmgentf tie cctarigent, a/nd tJie eeoomt, — In the Figures 
81, 82, and 88, given the sine D'l, to find the cosine OL 
In the right-angled triangle D I O the square of O I = 
the square of O D— the square of D I ; therefore I 0, the 

cosine = ^OD*— I D^. Or from the square of the radius sub- 
tract the square of the sine ; the square root of the remainder 
gives the cosine required. 

To find the tangent ; in the similar triangles D O I, FOB, 
OlistoIDasOBtoBF; then multiplying the sine by the 
radius, and dividing by the cosine gives the tangent required. 
And multiplying the cosine by the radius, and dividing by the 

sine gives the cotangent required. And ^O B' -♦- B F* = O F ; or 
extracting the square root of the sum of the squares of the radius 
and the tangent of any angle gives the secant of such angle. 

And the square root of the sum of the squares of the radius 
and the cotangent gives the cosecant 

From the above it may be deduced that the cotangents of 
angles are inversely as the tangents of such angles, or that as 
the tangents increase in length, the cotangents decrease, or the 
reverse, as may be seen in Figures 81, 82, and 83. 

Given the sine and the cosine of a/n a/ngle^ to Jmd the 
sine a/nd cosi/ne of half the angle. — ^Let DOB, Fig. 84, be 
the angle of which D I is the sine, and I O the cosine ; 
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required the sine and the cosine of half the angle DOB^^ 
B O L, Draw the chord D B, and bisect it on H, and draw 
O L through H vertical to D B. The definition of a sine 
being a line drawn from one extremity of arc perpendicular 
to the radius passing through the other extremity^ it is evident 
that D H and B H are respectively the sines of the arcs D L^ 
B L) or of the angles D Jj, B O L ; and O H is the cosine of 
each of these angles also by definition. Draw the chord B' D, 
which will be equal to twice O H. 

Now in the right-angled triangles B D I^ and B D K, 

IB:BD;:BD:BB', 

therefore, 

BD' = BB'xIB, 

and, 

DB-^/BB'xIB; 

therefore, 



D H or BH = aine of D O L or BO L = ^VBB' x IB. 
Also because, 



we shall have 



and 



BB':B'D::B'D-.Br, 
B'D«=BB'xB'I, 



B'D=^BB'xBa, 



and 



OH = ?^ = cosineofhalfthe angle DOR 



Therefore the sine of half any angle is a mean proportional to 
half the radius, and the difference between the radms and the 
cosine of the whole arc ; and the cosine of half an arc is also a 
mean proportional to hsilf the radius, and the sum of the radius 
and the cosine of the whole ara Of course by the tables the 
above is done at once by inspection. 

Given the sine cmd the coeine of art arc ; to find (he 
eine and the coaine of twice this arc — In Fig. 95 let the 
angle L O B be called A, of which the sine is B H, and 
the cosine O H. It will Ue seen that D I and I O are the 
sine and the cosine of twice the angle A. The right-angled 
triangles^ B H O and B D I, with tiie angle B common to each, 
will be similar triangles^ and 
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OB : OH :: DB : DI. 

Therefore, 

Radius : Cosine of A : : 28iiieof A,orDB : sine of 2 A,or D I. 

By the same triangles we have 

BO:BH::BD:BL 
Or, 

Badius : sine of A : : 2 sine of A : Badius— cosine of 2 A. 

Then, 



R R— B X cosine of 2 A = 2 sine of A x sine of A. 
And therefore, 

C f o A — ^^"^ ^^^ ^ X sine of A. 

R 
The tables given in this volume being natural tables for gM 
the trigonometrical signs, the reader will not require for prac- 
tical purposes the use of the above formul», which we ha^e only 
introduced to give an idea of trigonometrical investigations. 

Construction and Use op Trigonohetrical Tables. — 

As ahready observed, the numerical expressions, or numbers given 
in these tables in the columns of sines, cosines, &c., are strictly 
abstract numbei*s referring to a radius equal to unity. If in the 
application of these tables it so happened that our radius were 
one mile, then the numerical expressions for the tangent, sine, 
secant, &c. of any angle, a side of which = one mile, would stand 
as in the tables. 

Thvis required tlie tangerU 10**, the radius being 1 mtZe. — In 
the page, headed 10 degrees,* and in the column of tangents, 
on the same horizontal line as 0, will be found the number 
0*17633 ; this number then will give the length of the tan- 
gent of an angle of 10*, one side of which = R=1 mile. But 
let the radius=one mile in chains, or equal to 80 chains, then 
we shall have to multiply the above trigonometrical expression 
by the numerical value of the radius =80, and 01 7633 x 80= 
14*1064 chains, and 
Mile 
1 : 0*17633 of a mile :: 80 chains : 141064 chains, 

And, 

Mile 
1=80 chains. 
And, 

0*17633 of a mile= 141064 chains. 

* Supposing Hutton's Tables in itsei 
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Oiven the anple it = 16® 2(y, radius =^1000 feety required tJie 
l^igth of the 8vne, — In the page headed 15 degrees, look for 
the oolumn of sines ; the column on the left headed thus Q, gives 
the minutes ; and in the horizontal column opposite to 20' will 
be found the number 0*26443.* 

Then 0*26443 x 1000=: 261*43= length of sine required. 

Observe that in Hutton's tables the natural sines, tangents, 
secants, and versines, &;a, from O'' to 45® are read down the 
page, the minutes being in the left hand column ; but this is 
reversed ft^m 45® up to 90®, in which case we read from the 
bottom upwards, the column of minutes being; on the right 
hand. Reference to the tables will illustrate this explanation, 
which will appear verbose, and excite a smile in one at all 
acquainted with the use of the tables ; but we must beg to remind 
him that these tables are also for the use of the beginner, or the 
practical man who has never been accustomed to their use. 

Let us now*proceed with further examplea 

Angle -4. = 65® 35', radius^^SO chains, required the length 
of the sine a/nd of the cosine, and the tangent. 

The angle being above 45®, we shall have to read from the 
bottom, and in that signed 65 degrees, refer to column signed 
thus ' on the right hand up to 35' ; and in the same horizontal 
line, and in the column signed at bottom sine will be foimd the 
number 91056. 

Then, 

0*91056 X 50-00=45-528 equal to the sine required. 

For the cosine we shall have to read upwards on the left band 
page and in column of minutes on the right hand up to 35', and 
m the column signed cosine at bottom, on the same horizontal 
line, as 35', we find the number 49116. 

Then, 

0*49116 X 5000 = 24-5£8 cha = cosine required. 

For the tangent we shall have to look on the right hand page, 
and we shall find the tabular number 2*20278 ; 

Then, 

2*20278x50*00=110139. 

* Note that all through the trignometrical tables all the expressions are 
decimals except when otoerwise shown, as in tangent of 50° 20', where the 
Ubular number is 1*20593, but tangent of lO"" = 017633. 
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Angle 120'' 1(/, 12=: 2000 yards, required Oie leTigOi of fhe 
sine. 

Here 180"-120^ 10*= 69'- 60* = Supplement of 120* W. 

Sine 69** 60' = '86456 and 086466x2000 = 1729-12 yards = 
sine required. 

The Resolution of Plane Tbianoles.— When ez^n- 

ing the above means of finding the sine and cosine oi half 
an arc or angle by means of the sme and cosine of the whole arc 
or an^le, and also from the sine and cosine of an arc or angle to 
find the sine and cosine of twice such arc or angle, it must have 
been made evident that the sines of angles may be consider^ 
the measures of angles ; and since the siaes of triangles subtend 
the opposite angles, that in all plane triangles the sides are to 
each other as the sines of the angles. 

In any circle, 0, Fig. 96, inscribe a triangle A B D, and draw 
the radii C A, C B^ CD ; bisect these three lines at H, L, and K, 
and through these bisections draw the perpendiculars T, F, 
and C G, from the centre C. By the 20th, Third Book of Euclid, 
the angle B C D at the centre is equal to twice the angle BAD 
at the circumference ; but B CL = JB CD ;thenBCL = BAD; 
by definition BL is the sine of the angle BCL; then sdne 
B C L = sine BAD, The same 'may be observed of the other 
angles, A C D at the centre, and A B D and of A C B and 
ADB. But by construction BL = ^BD, and AEorDKs^ 

AD, and AH = ^ AB; then ^ A B = sine ADB; ^BD^sine 
BAD; audi AD^sine ABD. 
Therefore, # 

^ A B : i BD : : sine D : sine A ; 

or, 

AB : BD :: sine D : sine A; 

and therefore, also, 

B A : A D : : sine D : sine B. 

The above proposition, that Ihe eides of a plcme triangle cure 
to each oth&r as ihe svnea^ of the opposite angles is a fimda- 
mental one in trigonometry, and on it are based all the former 
observations that nave been made. 

Let the angle at D be considered a right angle; then the 
sine of D = radius, and A+B = 90^, since the three angles of a 
triangle = 180"^. The above proportions are now changed into 
the following — 

B D : D A : : cosine B : sine B. 
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ThiA will be made plainer by reference to Figs, 81, 82, and 
83, where in the triangles FOB, 

OB : FB :: 01 : ID, 
and in the triangles A O O, 

OA : AG :: OE : ED, 

RiGHT-ANOLED TRIANGLES. In the right-angled triande 
ABC, Fig. 97, from B as a centre, with radius B C, describe the 
^Ekrc C F ; then C A will be the sine, and B A the cosine, and 
.A F the versine of the angle B. 

Taking C as the centre, with radius C B, describe the arc 
B Q ; then B A will be the sine, C A the cosine, and A Q the 
versine of the angle 0. 

From B as a centre, with radius B A, describe the arc A D ; 
then AC will be the tangent, and B C the secant of the angle B. 

From C as a centre, with radius A, describe the arc A E ; 
then A B will be the tangent, and C B the secant of the angle C. 

This, it will be observed, may be done without altering the 
values of the three sides of the triangle, but by altering the 
position of the centre, and assuming one line instead of another 
as radius. 

Ex. Let the radiua BC = 1120 /ee<, cmd B = 26^ 34'; 
required the lengths of B A cmd of A U. 

The line C A is drawn from the extremity C of the arc, per- 
pendicular to the line B F, which is drawn from the centre B to 
the other extremity F of the arc ; the line C A is the sine of the 
angle B, and B A intercepted between it and the centre is the 
cosine. 

The tabular cosine of 2^" 84'= 89441, and the 8ines:44724 ; 
then 

0*89441 X 1120sl001789sB A ; 
and 

0-44724X 1120=600-9=Aa 

The three lengths being given, the reader may now practise, 
by assuming B A the radius, A C the tangent, and A C the 
secant, B being still the centre. Or by assuming C as a centre, 
and C B as radius, B A will be the sine, and A U th^ cosine, of 
the angle 0=63" 26', for 90**-2ff* S4'«63^ 26'. Or again, 
with centre C, make C A radius, when A B will be the tangent^ 
and C B the secant of the angle C. 

And we mav reduce the rMdution of plane right-angled tri- 
angles to the following analogieSi 
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Since the sides are to each other as the sines of the opposite 

angles, then 

Sine A : sine B : : B C : B A. 

But A is a right angle, the sine of which = radius, by some 
termed the Total ^ine. The tabular sine of B or 26^ 34' = 44724, 
then we shall have, as the sine of 90"^ is to sine B, so is B C to 
BA; or, 

1 : -44724 :: BC : BA, or 1 : 44724 : ; 1120 : 500-9 = AC 

And 

Sine90^:sineC::BC:CA, 

and 

= 63** 26^, the sine of which = 89441, 
then 

1 : -89441 :: 1120 : 1001-7392 = BA. 

Therefore, the sine 90* : hypothenuse : : sine of given 
angle : opposite side. 

Or, sine 9(f : hypothenuse : : cosine of given aaigle : the 
adjacent side, which the reader may very readily work out 

Inversely, the hypothenuse : sine 90** : : given side : sine 
of opposite angle, or, 

BO: sine 90° : : B A : sine 0, 
or, 

1120 : 1 :: 1001739 : 089441, 

and, by looking in the column of sines for this number, the 
angle will be found, due attention being paid as to the angle being 
above or under 45°, both as regards the top or the bottom of 
the page, and also the right or left hand column of minutes. 
Another analogy is, that with one side given, and the adja- 
cent cmgle, or the opposite angle, which is the com^niefit of 
it, the radius is to the ta/ngent or cotangent of the gwen angle 
as the given side is to the other side. 

Qivm 0= 68° 26', and A = 500-9 ; required B A 

Tangent 68° 26'= 1-99986, 
then 

1 : 1-99986 :: 600-9 : 1001 739 = B A required. 

With regard to the line B C, treat it as the secant of the 
anffle B, or the angle C, B A being the radius in the one ca^, 
ana C A in the other. 

At present we have only to add, that if at Kay time, on the 
ground or on a map, we assume any line for either a cosme, 
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or sine^ or tangent, we shall obtain the tabular value of such 
sign by dividing the line assumed as the radius, whatever that 
may be. Thus, assuming the line A C above for the sine of 
B, we have only to divide its length = 1001-739 by the proper 
radius 1120, and we shall find the tabular number, which in 
the column of sines will give us the value of the angle B. 

And now, lest the reader should accuse us of departing from 
our promise, we will leave for the present these mathematical 
investigations, few and simple as they are, and turn to the 
subject of the application of the trigonometry of right-angled 
triangles to practical purposes. The resolution of oblique- 
angled triangles will be found treated of a few pages further on. 

Let A B, Fig. 98, be an inaccessible distance across a river ; 
set out A C perpendicular to A B, and measure the angle A C B ; 
call C A radius, and A B tangent to angle C. From the tables 
take out the tangent of C, and multiply it by A C ; the product 
will be equal to the distance A B. On reaching B, measure the 
angle ABC, which is equal to the complement of C. 

Example. — Let the distance A 0=^ 200 chains, and the angle 
C = 76"30'. 

Table Tangent, 75^ 30' = 3-86871 ; then 386871 x 2O0 - 7*737 
chains. 

90^-76** 30^ = 14* 30', which should be the measure of the 
angle B^ if C has been accurately taken. 

From its extreme simplicity this problem may be 'made of the 
greatest practical use in almost every description of survey, as 
the next two examples will tend to show. 

Let A B, Fig. 98, be a river of which it is desired to obtain a 
section ; as before, set out A C perpendicular to A B ; let a 
careful man, or an assistant, with a levelling staff, proceed in a 
boat to stations 1, 2, 3, 4, B, or to as many more as may be re- 
quired according to the contour of the bed of the river, taking 
care to keep exactly en the line A B, and guiding himself in so 
doing by ranging poles carefully set up at A and D ; with a 
sextant or theodolite at C measure the angles A C 1, A C 2, 
A C 3, &&, on the levelling staff bein^ properly planted at 1, 2, 3, 
&a, of which a signal is made from the boat At the same time 
the levelling staff is read off by means of a level planted near C, 
80 as to obtain the levels by means of which the section of the 
bed of the river is to be plotted. With regard to the distances 
A 1, A 2, A 3, &a, it will be observed that they are tangents to 
the angle C, assuming A C as radius. 

M 
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Example. — Let the foUowisg be the angles at C, A C being 
equal to 5'00 chaiii& 

Chains. 

A 1 = 25" 3(y. Tangent 25" Sff = 047697 = 238 = A 1. 
AC 2 = 45" W. „ 45" 10' = 1 00683 = 508 = A 2. 
AC 3 = 60" 20^. „ 50" 20^ =1-20593 = 603 -A 3. 

Again we may have recourse to this system of measuring inac- 
cessible distances in such a case as in Fig. 99, where the base 
A B passes through a country intersected by two or three rivers, 
numerous water-courses, marshes, high vegetation — such as hop 

Sounds, vineyards, where the difficulties in obtaining merely a 
ir admeasurement of a line as A B would be very considerable. 
In such a case, we may again set out the secondary base A C, 
perpendicular to A B, and plant the theodolite at C. A few 
ranging rods are then sent forward along the line A B, with an 
assistant, capable of fixing stations in useful places, as at 1, 2, 3, 
4, &c., making such memoranda, or leaving such marks, that 
each may be identified to a certainty shortly afterwards. The 
angles ACl, AC 2, ACS, &c., are then carefully taken, and 
by means of the table of natural tangents, the lengths A 1, and 
A 2, A 3, &a, may be immediately calculated. Leave a pole at 
C, and plant the theodolite at A. On his return from B, let the 
assistant, still guided by his own judgment in selecting fresh 
stations, and with the help of a good chainman with him, plant 
two or three rods along some of the visual liTie B C, as at 8, 9, 
10. From A measure the angles 8 A C, 9 A C, 10 A C, as by 
means of these also we obtain so many points accurately fixed, 
for the angle at A being equal to 90", each of the angles 8 AC, 
9 A C, 10 A C, being subtracted from 90", will leave the angles 
B A 8, B A 9, B A 10, and the angle at B is the complement of 
the angle C ; therefore subtracting C from 90", leaves the angle 
By and 

This angle B +B A 8, subtracted from 180" = B 8 A. 
B+BA9, „ „ =B9A, 

„ B+BAIO, „ „ =B10A, 

We have thus all the means of carefully laying down these 
three points also, or as many more as it may be desirable to as- 
sume ; by n^eans of the chain alone, or at any rate the chain and 
sextant, the remainder of the survey may be easily completed. 
A C should not be less than a third of A B, in order to avoid the 
angles being too acute towards B ; and if A B is of any consi- 
derable length, it will be advisable to have along the total dis- 
tance two or three secondary bases, as A C. It may, perhaps, be 
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as well jiist ta remind the reader that thd point C mtiat be in a 
position to oommand sight of the ground forward, and this will, 
therefore, be a leading point in fixing the site of A C. 

This system of getting over inaccessible distances may also be 
very useful on less important occasions, though of very frequent 
occurrence, — such as getting through gardens, or ripening wheat 
fields, the owners of which have generally ^ strange, but positive 
dislike to their being chained through. The mode just laid down 
affords a very easy way of avoiding many such difficulties, and 
may be practised with much more accurate results than chaining, 
under such circumstances, can possibly give, and more rapidly. 

Oblique-angled TRtANOLES. — In every triangle there are 
six parts, namely, the three sides and the three angles ; of these 
six parts, any three being given together, except the three angles, 
the remaining parts may be calculated. 

Thus we may have — 

1. Two aides given and one^ of the Qppo$iU amgUs^ to fi/nd 
the third aide and the two remaining angles. 

2. One angle and the two adjacent sides^ to find the other 
two angles and the remaining third side. 

3. The three sideSy to find the three angles. 

The first problem of " Two sides given, and one of the oppo- 
site a/ngleSy ' is called the amhiguous case^ though in praotice 
field operations remove any ambiguity ; but otherwise we have 
nothing else to guide us beyond the two geometrical truths, that 
in any triangle there cannot be two obtuse angles, or angles 
greater than 90^ since the three together cannot but make twice 
90, and that the greater angle must have the greater side oppo- 
site to it. In Fig. 100 this case of ambiguity is explained, where 
the two triangles, ABC, AB'G, have two sides A C, B C, and 
the angle A in one, the same as the two sides A C, B'C, and the 
angle A in the other, provided B Q « B'C. 

In any triangle A B C, A = 47" 42'; C = 20, and A B opposite 
to C = 100, to find B C, A 0, and B. 

Sine G, 20^ : sine A, 47' 43' : ; 100 ; 216-28 = B C, 
180°-4r42' + 20=112M8r = B, 
Sine C : sine B : : A B : A C. , 
But sine 112" 18' = sine er 42'. 
The© 

34802 } 92521 : ; 100 : 2706 -AC* 

ft 

* It will be observed that in either right-ftngled or Qbliqiu;?angled trianglea, 
ve here work by the natural instead ofnoganthmio tables, although ^cula- 

m2 
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Given A B, Fig. 101 = 1000, a/ngU ^ = 32° 23', and aitgle B 
- 60° 21'; required the lengths of AC avd BC ; also the lengUis 
of A D and D B intercepted by the perpendicular D, and also 
the length of G D. 



And 



Then 
And 



180°- (32° 23'+ 60° 210 = 8^ 16' = C. 
SineCrdneB:: AB:BC; 

Sine C: sine B :: AB:BC. 
Sine C Sr 16' = 98840 
Sine A 32° 23'= 53558 
Sine B 60° 21' = 86906. 

98840 : 53558 : : 1000 : 5362 = B C ; 

98840 : 86906 : : 1000 : 870 = A C. 



The angles at D being right-angles, 90° -60° 21' = 29* 89' = 
DOB: 



And 



And 

Or 

Or 

And 

Or 

Or 



90°— 82° 23' = 67° 37' = A C D. 
CD = BCx8ineB = 465'9; 

D B s B C 5( COS. B = 264-88, 
DB = CBxrineDCB, 
D B *: C D X tangent B B. 

A D a A C X cosine A = 754*8, 
AD = ACxnneAOD, 
AD = CDx tangent A CD. 



As a general rule, ^hen making any of these calculations, 
always make a sketch of the figure m the field-book, which will 

« 
tions by the latter are andoiLbtedly shorter ! our motive for doing this is that 
practidu men, if not adverse to the use of logarithms, hare only occasional 
opportunities of applying them, and the want of habit engenders embarrass- 
ment. With the natural tables only ordinary arithmetic is employed, and 
although the necessary calculations are somewhat longer, in quantities where 
six or seven figures enter, it is the reverse where there are only three or four, 
ftnd W6 may say mver more than five, as in engineering field-work. 
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be found of oondderable service in deciding on tbe signs to be 
made nse of in calculating tbe sides. 

Given ihe two sides A By AC, and the induded a/ngle A i/if, 
the triangle ABGy Fig. 102, to find the remaining angles and 
the remaining side B 0. 

From C draw D perpendicular to A B, then the angles at 
D will be two right angles ; therefore 90"" — ^A == A C D. 

Observe now that C D is the sine, and A D the cosine of A, 
AC being taken for radius; then A C+ cosine A:^A D, and 
BA — AD = DB. 

Now take C as the centre, and D as radius ; then A D will 
be the tangent of the angle A C D, and B D will be the tan- 
gent of the angle BCD. 

And 

AD : BD : : tangent AC D : tangent BCD. 

And 

BCD+ACD = C, 

and 

180-(CfA) = B. 

We have now the three angles, and the two sides A B, and 
A C of the triangle ABC, and we may obtain the length of 
B C bv the rule given in the former proposition, and we shall 
have tne following analogy — 

Sine B : sine A : : A C ; C B. 

Example. —ie^ A = 39*, am,d AB«1600, and AC«800 
chains ; required the angle C and ihe length of B C. 

The angle A being 39^ and D = 90^ then D A = 61*. 

A Cx cosine 39^= AD, 

or 

8-00x777 = 6-21-= AD. 

BA-DA = BD; or 16-00 - 621 = 979. 

AD : DB :: tangent ACD : tangent BCD; 
or 

6-21 : 979 :: tangent 61* = 1-236 : 1-947 = tangent 62^9^. 
Therefore, the angle BC D = 62^ 49', and D C A = 51'' ; 

then 

C = 62^ 49' + 5r=lir 49', 
and 

180^ 113**-49'+89' = 27'' 11'= R 
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SineB t one A :: AC : BC, 

or 

Sine 2ril' : sine 39" : : 8'00 : 1102 = BC, 

4668 t 6298 t : 8-00 : 11-02 = BO. 

The above solution of that trigonometrioal proposition, '^ Where 
two sides are given, and the included angle^" is not the most 
mathematical, but it has been given to show the advantage of 
acquiring a certain readiness in applying the different signsi 
and of assuming one line and then another as radius. The 
same proposition will now be solved in a different manner. 

If the sum of any two unequal quantities be given, and their 
difference, half the sum, plus half the difference, will be equal to 
the greater quantitv ; and half the sum, minus half the diffe- 
rence, will be equal to the lesser quantity. 

Example. — Let the sum of 2 quantities = 14 and their diffe- 
rence = 2. 

14 2 

2- = 7,and2=l; 

and 

7+1 = 8 = the greater quantity ; 
and 

7—1 = 6 = the lesser quantity. 

Again, let the sum of 2 quantities = 28, and their diffe- 
rence = 2. 

28 ;, J 12 , 
Y = 14, and -J- " ^ » 

then 

14 + 6 = 20 = the greater quantity; 
and 

14 — 6 = 8 = the lesser quantity. 

The two following propositions are taken from "Young's 
Plane Tiigonometry. • 

Let ABC, Fig. 103, be any plane triangle ; the sides A C, 
B*0, and the included angle C, are supposed to be given; to 
find the> angles A and B. 

From the longer of the two given sides, C A, cut off a part^ 
C D, equal to the shorter C B ; draw B D, and perpendicular to 
it draw C E, which produce to F, and draw E G parallel to A B. 
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Then^ because the right-angledi triangles C E B/C E D have 
the angles at B and D equal, and the side C E common, C E 
bisects the angle at C, and also the line B D. And because 
DE = EB, therefore D G = G A ; therefore CG-i (BC + C A); 
that is, 

C G = half the sum of the given sides ; 

and since A D is the difference of those sides, therefcxre 

A G » half the difference of the given sides. 

Again, since the three angles of every triangle make two 
right angles, the sum of the angles C B D, C D B must be equal 
to the sum of the angles A' B of the proposed triangle, so that 
C D B is half that sum ; therefore 

C B D = half the sum of the unknown angles ; 
also 

A B D = half their difference, 

because the half sum added to the half difference must make 
up the greater of the two. 

These preliminaries being settled, we have, by right-angled 
triangles 

C E = B Ex tangent C B D ; 

E F =r B E X tangent AB D, 

therefore 

CE : EF :: tangent CBD : tangent ABD. 

But 

CE : EF::CG : GA, 

therefore 

2 C G : 2 G A : : tangent CBD: tangent ABD, 

and this proportion expressed in words is the following rule. 

As the 8V/m, of the two given sides is to their difference^ so 
is the tomgent of half the sv/m of the opposite (ingles to the 
tcmgent of half the difference. 

When the given parts a/re the three sides of a pla/ne trir 
wngle. 

Figs. 104 and 105. When B is acute, 

AC^ = BC^+BA2— 2BAxBD. 

When B is obtuse, 

AC^ = BC2+BAH2BAxBD. 
But B D = 3 C X cosine CBD; therefore by substitution. 
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putting a, by c, for the three sides of the triangle, we have, when 
B is acute, 

6* = a2 + c2— 2 ac^ cosine B; 

When B is obtuse, 

&^ = a2 + c^ + 2 a (5 X cosine C B D. 

But C B D being the supplement of B, in the latter case, its 
cosine is— cosine B ; hence, whatever be the character of the 
angle B, 

6^ = a^ + C^— 2 acy cosine B. 

Here one side of a triangle is expressed in terms of the other 
two and the included angle, and when the two sides are small 
numbers this formula may be conveniently used, the natural 
cosine of the included angle being employed As 6 is any side 
of the triangle, we of course have similar expressions for a* and 
b\ Hence, for the cosines of the three angles in terms of the 
sides, we have 

Cosme A = 



Cosine B = 



26c 
2 ac 



a2 + t2_c- 

Cosine C = — <> „ i 

lab 



To resume then. 



I. In any triangle, having a side given and two angles^ one 
of which is opposite to the given side, — As the sine of the angle 
opposite to the given side is to the sine of the other angle, so is 
the given side to the side opposite the other angle. 

In the triangle ABC, given the side A B, the angle A, and 
the angle C opposite the side A B ; required the side opposite 
the angle A. 

Sine C : sine A : : A B : B C. 

AB = 600; A = 23"45'; C = ir 16'. 
or 29654 : 40274 : : 600 : 814 8 - B C. 

1 80° - (1 r 1 5' + 23'' 45') = 139^ = B 
sine 139^ = sine 4r, 
then sine C : sine B : : A B : A C, 

or 29654 : 65606 : : 600 : 1327-4 . 
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II. When the three given pa/rta are two aides and the in- 
ditded angle, — ^As the sum of the two given sides is to their 
difference, so is the tangent of half the sum of the opposite 
angles to the tangent of half their difference. 

in the triangle A B C, A B = 345, and B C » 174, and their 
included angle B = ST 2,(fi required the other parts. 

AB = 345 AB-BC = 171; 
BC = 174 A + B + C = 180" 
B-3r2(y 



AB + BC = 519 



A + C = 142"-4(y 



519 : 171 : : tangent 71' 4(y = 2-96004 : -97527 = tangent 44*^ 17'; 

then 71** 20' being half the sum, and 44** 17' half the difference 
of the opposite angles, it follows from what has been said 
before, that 71** 20' + 44' 17' = 115** 37' = the greater angle, 

and, 71' 20'-44*' 17' = 2r 3' = the lesser angle. 

The third side may now be found by the former Rule L 

Sinell5'37' = sine64'23'; 
then, sine 64' 23' : sine 3r 20' : : 345 : 282 = C A. 

III. When the three eides are given, to find the a/ngles,^^ 
Calling the three sides by the letters a, b, and c, accordingly as 
they are opposite the angles A, B^ and C, we shall find the angles 
by calculatmg the cosines, thus : 

Cos.A = -^^-^^+''^ 



CoaB = 



Cos. C = 



2bo 
2 ac 
2ab 



These formulae the reader may work out by applying them to 
any of the foregoing triangles. It will, however, be as well to 
observe, as regards the last proposition of *^ Three sides given to 
find the angles" that whichever angle is sought, the sum of the 
two sides squared (6^ -f c^, is made up of the squares of the two 
sides hidudi/ng that angle ; and that the square of the side^ 
(a^, subtracted from the sum, is the square of the third side 
o^pposite the angle sought j and that the divisor, (2 6 o) is made 
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up of the two sides vjudvding or containing the angle sought, 
we one multiplied by the other and taken twice. 

The working out of these few rules is far more simple than 
many of the operations constantly performed, either before or 
after the construction of works ; there is scarcely more than half- 
a-dozen to remember, and they can therefore be easily re- 
membered ; moreover, an abstract of them may be easily 
enclosed in the field-book or note-book which the engineer 
or surveyor has always to carry with him, with the Portable 
Trigonometry. 

In the preceding pages of this chapter, and in that on *' Setting 
out Curves,'" the reader will find all that he recjuires for engineer- 
ing field-work generally, and if it be once unpressed on the 
memory in a rational manner, he will never be at a loss in any 
matter of setting out skew lines or curves, wherever or however 
they may be, or in any survey, even of the highest order, pre- 
supposing of course that he has attended to former advice, and 
put it in practice. 

A few observations must now be made as to the application of 
triangvdation to different cases, for there is consiaerable diffe- 
rence as to the Trva/n/ifieT of applying the system to large areas of 
land, as for instance, hiUy or flat, wooded or clear ; again, to the 
different natural conditions of a navigable river, or an estuary ; 
and again to the survey of a harbour, or lands to be reclaimed ; 
always suf^iostng of course that ordinary triangulation and 
tEaversing are not applicable. 

It is to be understood that in this system of surveying as few 
as possible of the principal lines are to be actually chained, and 
that at the angular points triangles are fixed by observations 
made from one or two base lines, the remaining angles and sides 
being calculated by the rules given in the preceding pages ; in 
many of the above cases it will be readily seen that to a great 
extent this must be unavoidably so, as for instance, in a large 
navi^ble river which cannot be chained across, but of which 
the deflections should be reciprocally fixed from both banks, also 
very likely sandbanks, shoals, or other features in the river itself; 
again, such a tract of land as a marsh, or any other area more 
or less permanently covered with water, or so intersected by 
dyk^s and cuts that an ordinary system of surveying applied 
alone would be insufficient; again, an extensive range of downs 
or steppes, without a vestige c^ cultivation, where the labour of 
chaining would be thrown away, or where so hilly or broken 
that good chaining is all but impracticable, and useless unless 
contour lines have to be surveyed. 

Since many, if not all the principal angles have to be taken 
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from this base, its pofiition and meafioreme&t become meet im- 
portant objects, and whether sudi base be primary or secondary} 
as we shall presently e3q[>lain» its position should be such not 
only to obtain in. most csS^ a view fiom both ends of the most 
important pointcf, but also such that the triangulation shall be as 
favourable as possible. 

Thus much, which is almost self*evident, being admitted, the 
following rules may be adopted as maxims, except^ however, 
when conditions are sudi as to oblige us to set them aside* 

When practicable, the triangles should be as nearly as may be 
equiangular, as the nearer they approach to sixty degrees the 
more accurately tiiey are likely to be all measured, and the more 
equally practical errors incident to observations will be probably 
divided amongst them.. Qeneially, however, it would be very in* 
convenient thus to make Uie triangles equilateral, and pmctically 
the maxim means^ that the angles idiould be neither very acute 
nor very obtuse; for instance as little as may be above 120°, and 
under SO*' for the main triangles ; this, however, should not pre- 
vent an observation being tak^i to a point so situated, but it 
should be carefully checked from other stationa 

The greater the numb^ of angles taken the greats the liabi- 
lity to ^rror, and vice versd^ therefore the triangles should be 
made to cover as large spaces as possible, which dbould be dona 
also in ord^ to work from large triangles to small ones, and not 
to make a m$in triangle, or certain pmnts of an area which 
should be included in one, depend^it on observations taken from 
the stations of a secondary triangle^ This number of observa- 
tions taken from the base must, however, be regulated by the 
number of important points to be fixed. 

It is not absolutely necessary to confine the stations at the 
angles of the main triangles witnin the boundaries of the survey,, 
if favourable stations for taking observations are to be found by 
doing otherwise. But the stations should not be so far distant 
from each other as to make it inconvenient for taking observa- 
tions from them on to other points ; on the contrary, they should 
be so fixed as to make it convenient to take andes from theni on 
to the other stations on the main triangles, and also on to points 
which are to become stations on tiie secondary triangles^ or a 
great part of their value will be sacrificed ; these stations on the 
seconoary triangles diould, therefore, be carefully thought of and 
considered when determining i^ stations oi the main triangles ; 
it is very desirable, when possible, that when the angles of the 
main triangles are taken, observations should at the same time 
b^ made on to those points whi<^ are to become the stations <^ 
the secondaiy triangles. 
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Every station abould be so fixed as to obtain tbe greatest view 
possible of the surrounding countty ; so that the theodolite may 
be planted over it, and in such a situation that anfifles may be 
convemen% observed tberefrotn. ' ^ 

We have already alluded to the terms primary and secondaiy 
base. This secondary base may or may not be dependent entirely 
on the observations made from the primair one, and it may or 
may not be actually chained ; we have alluded also to the mea- 
surement of the base, and to its position relative to the remainder 
of the survey. 

And first, as to the measurement ; that which at first sight 
might appear to be one of the most simple operations on a sur- 
vey is often rendered by natural circumstances one of the most 
troublesome, and under any conditions, more particularly in a 
survey of this character, where everything depends on it^ if the 
instrumental observations are all correctly made, the measure- 
ment of the base must be most accurately taken ; not only any 
eri^or in this will be carried pro tamto throughout the survey, but 
it may become multiplied over and over again. 

In geodsetical operations great pains have been taken, and the 
most searching ingenuity has been resorted to in order to obtain 
the accurate length of a base of operations, and metal and deal 
rods laid end to end^ adjusted with the utmost nicety in troughs 
set horizontally, have been used for this purpose, and the 
greatest attention given to allow for expansion ^d contraction 
due to temperature. For the purposes of the engineer these 
nice minutise of extreme accuracy are not required ; it will be 
sufficient to employ a good ordinary chain, of which the length 
has been carefully tested by a standard chain, or by a standard 
measure set off precisely with ten-feet rods on some level piece 
of ground, or better, along the coping of a wall ; we should, now* 
ever, for this purpose decidedly prefer a chain that had been 
well used and stretched, still by all means testing it before com* 
mencing operations, and again at the end of each day^s work 
during measurement of the base. The line to be measured as a 
base should be carefully boned out with the theodolite, by setting 
up rods or other marks at every five or ten chains^ and every 
precaution taken to set out a truly straight line, with a sufficient 
number of marks along its length to ensure the chain's being 
laid exactly along the line each time. In such a case as this all 
hedges, or other interruptions, must be cut through, and the 
banks must all be levelled. The inclinations of all undulations 
of the ground must all be carefully measured, and allowed for on 
the spot, or by the calculations made after the day's work. Par- 
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ticular care should be taken that there are no kinks in the chain 
in measuring the base line. 

Where circumstances will allow of it, it is very desirable to 
have on the base from whence observations are taken, a third 
station, somewhere about the centre of the line, besides the two 
end stations, as such third station will become a station of verifi- 
cation. In measuring the base, it is well to have a third man to 
help to lav the chain straight and flat, more particularly if the 
100 feet chain is used instead of the ordinary Gunter's chain. 

Where a level piece of ground, or if not exactly level, then 
smooth and even, so as to ensure as much facility as possible for 
correct chaina^e, can be found situated in such a manner as to 
offer good positions for commanding stations, we have of course 
ready at hand all we can desire ; such a situation will besides 
afford us probably an opportunity of making the length of the 
base some round number in chains, whereby calculations are 
shortened, and chances of error are diminishea. 

The longer the base the greater the number of chains that 
have to be laid in order to measure it, and the greater there* 
fore the chances of error arising from this source, more parti- 
cularly over any portion of the base running along rough or 
broken ground. It is therefore sometimes advisable to lengthen 
the base by observation in the following manner : — 

Let AB, Fig. 106, be a portion of a base line which it is de- 
sired to produce as towards C ; if there does not happen to be 
any object in that direction in line with A B, send forward a pole 
to be set up anywhere on the hill, and set it in line by planting 
the theodolite at D, which is made an v convenient number of 
chains, ten, if possible, from B ; and, before removing the instru- 
ment, set off D E any convenient angle, B D E, and next set 
off the angle B D F, equal to 60^ In both cases read both 
verniers, and repeat both angles. Keep the vernier plate 
clamped, and move to B, where plant the instrument very cor- 
rectly over the centre of the station, and set off D B F, also equal 
to 60^ and E B F, equal to 60^ B F and D F should both 
measure exactly equal to B D ; move the instrument to F, when 
the angle B F D should measure 6ff* also. If the nature of the 
ground is such as to render an angle of 60*" at B and D unfavour- 
able, then select any other that may be convenient, but GO*" is 
better. Whilst the instrument is at F, measure the angle C F B, 
and at the same time set off E B F, which is B F produced, and 
make it intersect D E, previously laid out Bemove the instru- 
ment to E, and measure the angle C E F and FED, the latter 
of which- ISC'-EFD + EDF; measure BE, and add it to 
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B F. Leave poles at £ B F and D, under charge of an aasistant^ 
and remove the instrument to C; bring the teieeoope to bear on B, 
then let the pole B be made to lean a little on one side, when the 
line of sight through the telescope should also bear on D, and 
then, putting the pole at D out of the way» it will also bear on 
any distant station left on the base beyond A. If this is all 
oorrecty then the centre of the instrument-is on the base produced^ 
and so therefore is the station C. Now measure the angles 
EC B, and also EC F, the latter beinff equal to EC B + £ C F. 
We have now ample means of calcuhitinff the length of C B. 
Supposing the ground such at B that we have been obliged to 
m£l:e BF or EF rather short, the work may be tested by 
making the angle B C G » D B F and H C B = its supplement ?= 
EB D, and measuring the angles E HC,and H CE, andBO F; 
this, however, can be but rarely necessary, as the former opera* 
tions have been closely tested, there being six triangleSi in all of 
which the three angles of each must be equal to 180^ 

Should the nature of the ground be such on the hiU B as to 
preclude the practicability of lajring out such lines as £ F and 
D F, we may make the angle B D F more acute, or we may 
carry out the operation at C, the object being to obtain a 
base, £ F, or H Q, by means of which we may calculate the 
length of B C ; therefore this base should not be so small a pro* 
portion of the line required as to make some of the angles of the 
triangles too obtuse, and the others too acute. 

To compute B C by means of the above triangles and the base 
BD,mtnangleBDF, the angle B « 62' 30', D^S^'aC, F=: 
68° or, base BD»20*00 chains. 

SineF : sine B :: BD : FP; 
then sine 63' : sine 62' 30' : : 2000 : F D. Sine 63' » '89100 ; 

sine 62' SO' = -88701 ; 
then, -89100 : 88701 : : 20-00 : 19607 -FD. 
In triangle FDE, the angle £ = 39' 40' j F='63 ;. D = 
7r 20', and base F D = 19607, as abova 

Sine E: sine D :: FD :EF; 
then sine 39' 40' : sine IT 20' : : 19607 : EF; sine 39* 40* = 

•63832 ; sine IT 20' = -97666 ; 
then 63832 : -97566 : : 19*607 : 29*969 «EF. 

In triangle E C F, the angle = 19' 10'; F-52' 20'; E = 
108' 30'; BF = 29-969; 

Sine C : sine E : : E F : C F ; 
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here the angle E being above 90"", we shall have to take the 
angle of the supplement to 108^ SW ^ 71° 30^, and we shall find 

•32832 : -94882 : : E F : C F : : 29969 : 86563 -OF. 

In triangle BCF,C = iriO', F = 52^2(y, B = 116-30,CF = 
86-563; then 

SineB : sineF :: CF :CB, 

Or, 

89493 : 79158 :: 86563 : 76-555 

This may be checked by calcula^ting in the first triangle B D F 
the side B F, instead of F D, for 

Sine F : sine D : : B D : BF, and in triangle BC F, 

SineC : sineF :: BF : CB. 

Should the length of base now obtained be found equal to an 
odd number of cnains and links, it may easily be reduced to 
a round number by shortening. 

It may occur to the reader that the number of observations 
to be made renders this method troublesome; to a great 
extent this will depend on his ability to handle the theodolite; 
if he is familiar with the use of it, a couple of hours will do 
all that is required, and that much more correctly than by 
ordinaiy means ; besides this, the number of inclinations to be 
measured by observation in such a case will be found quite as 
troublesome as, if not more so than, the horizontal angles to be 
taken ; to this is to be added the di£5culty and uncertainty 
of chaining a straight line over hilly ground. In truth, the 
only practical objection lays in the use of the trigonometrical 
tables by the most ordinary arithmetical means, and this is 
really too futile not to be at once set aside, when it is observed 
how insignificant it is, the object of such a base being to fix 
with accuracy throughout an extensive survey a given number 
of points^ which it would be difficult and laborious, if not im- 
practicable, to do by ordinaiy means and chain triangles. To 
this we may add, that in marine surveying this method is in- 
dispensable, and therefore the sooner practical proficiency in 
carrying it out is obtained the better. Where a theodolite is 
not at hand, a little study of the ground, and a small amount 
of ingenuity, will often enable us to effect our purposes with 
the box-sextant. 

As another instance, let A and B, Hg. 107, be two positions 
on high ground, from which we can obtain a view of the 
surrounding district, and let them be far apart or near to each 
other, mthin reasonable limits, and within the survey or 
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without it, and let the ground between be more or less dif- 
ficult for correct chain aameasurement Select any length on 
the ground, as C D, from which A and B are visible, if not 
along the whole length, then from any three points ; of course 
the length C D must be as suitable for chaining as it is pos- 
sible to find it ; measure C D accurately, making it some 
round number, and in doing so leave a station at E, also at 
a round number, having firat, however, boned out the line with 
the theodolite. From C measure the angles A C B and BCD; 
from E measure A E C and A £ B ; and from D, C D A and 
A D B ; now move the theodolite to A, and measure C A E, 
EAD, and DAB; and from B measure DBE, EBC, and 
C B A ; from these we may calculate the length of A B, by 
means of C D, C E, and E D, as primary bases, when A B will 
be the secondary one.. 

If we take D as base, and begin with the triangle BCD, 
we shall find 

SineB : sineD :: CD : CB; 

then, with C B as base in triangle CAB, 

Sine A : sine C : : C B : A B. 

There must be the same final result if we begin with the tri- 
angle CAD instead of B C D. 

Again, if we take E D as base, and beginning with the tri- 
angle E B D, 

Sine B : sine D : : E D : E B, 

and in triangle E A B, with E B, last found, as base, 

Sine A : sineE :: £B : AB. 

The reader may readily accustom himself to these calculations, 
and the use of the tables by laying down a few triangles with a 
protractor and scale, and computing the sides, and afterwards 
practising in the field. The advantages to be obtained on 
extensive surveys are too manifest to be doubted; on many 
occasions it is indispensable, and the student cannot too soon 
become accustomed to the practice. 

It will be hardly necessary to observe, that if we could not 
obtain a favourable line in the position of C D, we might select 
some other, as E F, F O, or G E, as a primary base, the last of 
which, G K, would be better than either of the other two, for 
though shorter than the first, the angles off it would be better 
proportioned than off either of the other two. This sufficiently 
mstances how in many cases it may be practicable to lay down 
a short primary base to obtain a long secondary one, which, how- 
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ever, once obtained, becomes the base of the survey. This work- 
ing from short to long lines may sometimes be repeated three or 
four times, to obtain the length of the base required, and the 
operation is not to be confounded with that of laying down 
small triangles to obtain large ones over the area of survey, 
which would be an erroneous method, as we have alreadv alluded 
to in this chapter. As an iastance, take Fig. 108, where it is 
required to ascertain the length of base between two headlands 
on which are stations 0'; set out and carefully measure the 
line A B, which must be very correctly done ; plant the theodo- 
lite at A ; measure the angle A O', and at the same time set 
up a station at C, making AC, judging by the eye, somewhat 
about half as long again as A B ; then measure the angle 
O' A 'E, and observe that ABE, being a straight line, is in fact 
an angle of ISO"" ; then set up D, by making the angle £ A D 

Xal to O" AE. At B measure the angles C B A and ABD, 
ch should be exactly equal if the work is correct ; also D B E 
and £ B C, equal to one another, observing that the four angles 
at C are equal to 360''; from C measure ACB and ACE; 
from D, A I> B and A D E, also equal each to each, and the 
three angles of each of the four triangles equal to 180^ after 
having measured C E B and BED; from E measure also 
AEO, AEC, and CEO'. From C, measure EO'A and 
ACQ; also from O, AO E and A O'. From the triangle 
ABC, and the base A B, we obtain the length of A C, for the 
second base. From the triangle ACE, and base A C, we obtain 
the length of A E, for the third base. From the triangle A O^ E, 
and base A E, we obtain the length of A O' for the fourth base ; 
and from triangle O' A 0, and l^i^e A O', we obtain the length 
of O C, which was required. 

Observe that from triangle A 0' E and base A E, the side 0^ E 
may be calculated, which may be made the base of the triangle 
O E O, also to calculate the length of O 0', whereby all the 
former calculations are tested ; observe also that A D, D E, E O', 
and O'A, form a four-sided figure of which all the angles 
together are equal to SGO"" ; similarly in the quadrilateral A E, 
E 0', 0', and A, the sum of the angles is equal to 360^ 
Numerous other calculations may be made by means of these 
triangulations, but we will restrain ourselves to those above, as 
being all that are requisite for our purposes. 

It will be unnecessary to observe that the selection of a base 
line is a most important operation, requiring a careful examina- 
tion of the ground before it is finally determined on, to see how 
the triangulation will be laid down, and what advantages may 
be gained by selecting one station instead of another, which may 

N 
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often be the case by moving a station even 40 or 50 feet one 
way or another, though permanent objects are very desirable to 
select as stations when conveniently situated ; it is also to be 
remembered that the object of the angles taken at the base is to 
fix stations, which are to be the centres of further observations, 
or for determining correctly the position of lines which may be 
Useful on the survey, that is, in the operations of engineering 
field-work, which differ practically from those merely geodsetic, 
when it is only sought to fix the stations of triangles independent 
of chaining. It is therefore necessary to determine how we are 
going to work on or from the stations determined upon, unless 
they are merely fixed as vastrumental stations for angular 
observations. The examination thus required does not by any 
means result in lost time, as the engineer thereby acquires 
a mental bird's-eye view of his survey which never fails to be of 
great service throughout the remainder of his operations. It has 
already been shown that besides the stations at the ends, there 
may be other stations on the base, to which observations should 
be taken when the base is being fixed, so as not t6 rely merely 
on measurement only, for portions of the base between inter- 
mediate stations^ an^ more than for the whole of the Una 

Verv little reflection will now ^oint out the advantoges to be 
gained in many localities by pursuing the system of triangulation 
above-mentioned, and how many points may thus be accurately 
fixed, which by any ordinary method it would scarcely be possi- 
ble to effect even with considerable labour. Even, when surveying 
by traverse, which is the best ordinary system, we must depend 
on the accuracy with which a multitude of angles is taken, which 
will not merely depend on the observer, but also on the instru- 
ment and the diameter of it ; we must also rely on the chainage 
of every line. Bv the above system each triangle is fixed by three 
angles, two of which are taken off one measured line. When the 
stations on the triangles have been thus fixed, the remainder of 
the survey may be completed by traversing lines run from 
station to station, as circumstances may require, and however 
numerous the sides may be, the amount of practical error will 
be ascertained ; neither will it be carried beyond the terminal 
stations on the lines of triangulation. 

Staiion Poles, — As it is often necessary to distinguish the 
triangulation station poles several miles 0% and as it should be 
done readily and clearly, it will follow that they should be con- 
spicuous; straight clean natural spars will serve the purpose 
very well; they should be from 16 to 20 feet long; the longer 
dnes should be placed of course where the shorter ones would 
not be visible, or would not so readily catch the eye. To the 
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top of these are fastened flags of white or coloured bnntin about 
3 feet long, and about 2 feet wide at one end and pointed at the 
other; or the flag may be red and white, which will be found to 
attract the attention better, the one colour coming out where the 
other would not be perceived ; dark blue and white flags are 
also very useful, more particularly on the survey of an estuary 
or a navigable river, keeping the red and white on one side and 
the blue and white on the other, the advantage of which is some- 
times very great, more particularly in situations where the 
banks are invisible. The most secure way of fastening the flag 
to the pole is to lay a stout piece of cord luong one end of the 
flag, and to nail through cord and flag together up to the pole, 
leaving the cord outermost to lay against the heads of the nail& 
When the flag and the observer lay with the wind, there is often 
considerable inconvenience in catching sight of the flag, though 
we may be often assisted in doing so by means of a pocket-glass, 
which will always be fotmd very useful on such work. A brush 
of twigs fastened up to the pole is also very useful An iron ring 
may also be fastened up to within a foot of the top of the pole, 
and above a collar to play freely round the pole ; round this 
collar should be fastened, at equal distances from each other, tin 
vanes about 9 inches long, painted black on one side and left 
bright on the other, so that there will always be one bright 
and one black side presented to the eye of the observer; ingenuity 
may devise many other plans equally/good, but generally, station 
poles at long distances from the observer should have some such 
conspicuous mark, for it mil often be found very troublesome to 
distinguish a mere spar a long way off. Station poles should be 
sunk some four or five feet into the ground ; they should be 
fixed perfectly vertical, by means of a line and plummet carried 
quite round the poles, and let it be remembered that unless 
they keep J)erfectly vertical throughout the survey, they are 
better out of the way altogether; the filling in should be 
thoroughly well rammed or punned ; this demands much more 
careful attention than might at first be supposed. It has already 
been observed that where convenient permanent objects can be 
selected it should always be done. When station poles require 
to be removed for the purpose of planting the theodolite over the 
centre, this spot should be previously marked by driving in four 
stumps round the pole at a few feet off, so that lines strained 
across them may show the centre by their intersection. In some 
situations it will be found necessary to adopt three poles with a 
wide-spread, triangle fashion, and a fourth fiEistened above, a 
plummet fastened from the bottom of which will denote the 
centre of the station. 

n2 
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The details previously given, in conjunction with the obser- 
vations made in this chapter, will sufficiently guide the reader 
as to the application of this system of surveying on particular 
occasions, and we will now turn our attention to another part of 
the subject 

There can be no possible doubt that when it comes to be 
well understood, the student will see how much time may be 
saved, and greater accuracy ensured, than by common sys- 
tems which are sufficient on many occasions merely to show 
the relative positions of a few hedges. Indeed, if a surveyor 
begins by making a few observations of this kind, any intelligent 
man who has proved a good chainman, and can read and write, 
is quite competent to do a great deal of the filling in. 
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CHAPTER XIII. 

Hwi'bour and JUariTie Surveying. — Preliminary Observa- 
tiona. — OvMine of Coast — UtarHng out — Buoys. — Station 
Pointer. — Stations. — Buoying out Harbour. — Triangula^ 
iion. — Selection of Base. — Advantages of the System. — 
Triangulation Station Poles. — Instrumental Observations 
o^ the Coast — Soundings. — The Hand-lead and the 
Plunger. — Holding Ground. — Anchoring. — Tidal Obser- 
valions. — Tides of the Irish Seas. — Bluish Channel cmd 
NoHh Sea. — Mean Tide Level. — Indian Ocean. — Tide 
Gauges. 

Amongst the principal requirements of a harbour, the following 
conditions wiU have to be considered, and obtained as nearly as 
circumstances will allow. 

The access should be easy for a disabled ship to enter dui*ing 
violent gales, and there should be facilities for working out of 
harbour with contrary winds. 

The harbour should afford shelter and security for vessels 
which otherwise must be driven on a lee shore, but in harbour 
they should ride at anchor in safety, and without danger of being 
driven against each other. 

There should be a considerable area of deep water for lai*ge 
ships, and the greater the depth the better, because some accu- 
mulation is inevitable in a harbour where the water is quiet 

There should be good holding ground for anchorage, that is, 
there should be sufficient tenacity in the ground at the bottom of 
the hai'bour to bring a ship up which may enter in a gale of wind. 

The nature of the shore should be such as to offer beaching 
ground, to allow of crippled vessels being hauled up thereon and 
secured. 

Breakwaters should be so disposed that as little as possible of 
injiirious effects should result by the depth of water being 
decreased. 

These conditions and general rules — ^and it must be remem- 
bered that there is no rule without an exception — will be met 
more or less by^the natural advantages of the spot selected, 
by works to be constructed, by prevailing winds, the nature of 
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the bottom, depth of water, tides and currents, &a, which will 
be the objects of research in the survey, or of future study when 
it is completed. 

The depth of water will have to be ascertained by niunerous 
soundings, all of which will have to be reduced to ordinary low 
water spring tides, and the depths figured on the plan will indi- 
cate the depths below this low water level The exact situation 
at which these soundings are taken will have to be ascertained 
b7 observations made with angular in8trumen^ in order that 
such situations may be correctly shown on the plan ; and as 
necessarily these must be venr numerous, some very ready and 
practical means must be found to effect the object 

It will also be necessary to compute the areas enclosed at 
different depths, that is, how many acres there will be of water 
at 2, 3, 4, 5, or 6 fathoms, &c, as the case mav be. These will 
be calculated from the plan, so that unless the soundings are 
correctly entered on it, the computations must be incorrect. 

As the nature of the ground all over the bottom of the har- 
bour will have to be ascertained, instrumental observations will 
have to be made also wherever the investigation is made; for 
inasmuch as we may in different places find clay, gravel, sand, 
rock, or boulders, &c., the sites of these must be correctly shown 
on the plan, also the extent of area over which these deposits 
are spread ; their depth, if merely thinly superficial ; whether 
they be natural or merely accidental deposits; if a rock bottom, 
whether it be the natural or geological formation, or whether it 
mav not be simply an accumulation of stones accidentally im- 
bedded, Hie tenacity of the holding ground will have to be 
investigated — what portions mav be good, bad, or indifferent, 
with l£e areas occupied by each ; what portions may be im- 
proved, as for instance, by breaking up, or oy removing boulders 
or lumps of rock, or by other means ; where moorings may be 
required, &c ; in short, the most careful attention wm have to 
be given sJso to this subject^ for its complete investigation will 
generally be more or less of vital importance to the project 

Wherever works of construction are proposed, more particu- 
larly if they will require to be of a large or expensive description, 
an examination of uxe materials on the spot, or in the immediate 
vicinity, will be of the greatest importance ; for instance, whether 
there be shingle and sand for making concrete, or blocks of 
"b^ton,"* or rock for the construction of breakwaters, piers, 

* " B^ton" may be said to be French for concrete, though somewhat dif- 
ferently manufactured ; it is made into large blocks, and lowered when hard 
into the spot where it may be required. 
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auay*wallfl» &e. It will be very necesaaxy to examine very 
closely into the nature and constraction of such rook, as to 
whether it be granite, sand, or limestone ; wheth^ the rock be 
of a laminated or homogeneous description ; bow it bears the 
action of waves or batter of the sea ; how it will blast or quarry ; 
the average size of the blocks ; what ashlar and what rubble may 
be produced from it — of what hardness and density ; the depth 
of baring before the rock is reached ; as dose an approximation 
of the cost of the stone as can be obtained ; also what use may 
be made of materials at hand, what quantity will have to be 
brought to the works, from where, and by what means. Where 
the works are to be of a heavy nature, these details will all prove 
very important elements in the engineer's estimate* 

The sets of the tides will have to be investigated, and often 
the currents; as also the rise of ordinary, as well as of the 
highest and lowest spring tides, and of neaps. 

A few observations as to the tides will be required for those 
who have never paid any attention to this subject The perio- 
dical rise and fall of the sea known as the '' flood '' and *' ebb " of 
the tide, are due to the combined attractions of the sun and the 
moon ; the tide rises and falls twice during the return of the 
moon to the meridian, and on the coast generally takes about as/ 
much time rising as falling. 

The tides though constant are not equal, but greatest at the 
time of the new and full moon, and least between these periods, 
or greatest when the moon is in conjunction or opposition to the 
sun, and least when in Quadrature to it The tides of greatest 
rise are called spring tiaes, and those of least rise are called 
neap tides. The lowest as well as the highest water occurs at 
the spring tides, but it does not rise so high, nor fall so low, at 
the neap tides ; and lastly, the greatest spring tides are those 
which occur at the time of the equinoxes, after the autumnal, 
and before the vemaL The spring tides do not happen precisely 
at the new and full moon, nor the neap at the quarters^ but a 
day or two after. 

Some idea of the movement of the tidal wave may be formed 
from the circumstance of the tide being considered to occupy 
twenty-four hours in travelling from the southernmost point of 
Ireland to the Thames ; this amount of time bein^ occupied in 
passing round to the north of Scotland, and commg round by 
the German Ocean to enter the ThameSi A portion of the same 
tidal wave, on presenting itself on the south-west of our coast, 
diverts off into the Channel, and, proceeding in this course, joins 
the other tidal wave near Dover. 
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The regularity which would be the result of the eaith being 
covered with deep sea is disturbed by the great shoals, narrow 
straits, positions of land, breadth and depth of channels. Fur- 
ther observations will be made on this subject towards the end 
of the chapter. 

The regfularity of all the tidal phenomena at different places 
is very greatly wected by storms and particular winds ; so much 
so that neap tides sometimes rise as high and higher than 
springs, and this is more particularly the case on any part of the 
coast where there is less difference in the rise of springs and 
neapa A high wind coinciding with ** flood,'' will cause it to 
rise much beyond the height due to that particular tide, and the 
reverse of this may occur if the wind blows hard in an opposite 
direction during the rise of the tide. On the opposite coast of 
France and England, a strone south wind produces an excess in 
the rise of the tide on our side, and the reverse on the opposite 
coast 

In tidal rivers the anomalies are still more remarkable, and 
the rise of the tide is affected very sensibly by the banks,- their 
contractions and bends, as well as by currents and land-water& 

Altogether these anomalies and irregularities are so consider- 
able, that practical observations and gaugings are indispensable, 
and require to be carried on with the greatest attention. 

The methods of investigating all these matters, and of con- 
ducting the surveys, will now become the subjects of the following 
remarks : — 

One of the first things to be done will be to obtain charts of 
prior dates, if there are any, to compare them together, and make 
notes of discrepancies between them, and this not so much with 
regard to differences as to the outline of the coast — such as little 
projections and indentations, but as r^ards depths of water and 
Wtom of harbour ; for should any such exist, they will have to 
be carefully examined ; and as regards depth, not so much as 
regards one isolated depth, but as to a continuous line, for this 
would lead us to infer either silting up the formation of shoals, 
or the water becoming deepened. This comparison of charts 
will have to be all the more carefully made accordingly as they 
may otherwise the better agree ; lines should, therefore, be care- 
fully laid down on the charts according to their respective scales, 
and the measurements should be taken from the Bcilea shown on 
the charts themselves ; on each map, a line or two between pro- 
minent objects should be laid down, when a few triangles based 
upon these will enable us to lay down the line of difference be- 
tween the two charts. These triangles should be so laid down 
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by means of the sides oearing on distinct points on land, so that 
they may be accarately traced on the water; These subjects are 
of much greater importance than they appear at first ; but it will 
afterwar(£i be found in the course of tne survey that a good 
chart is of the greatest value. 

The next thing to be done will be to obtain local information, 
which is generally to be best procured from old resident fidier- 
men, — as to depths of water, surface of bottom, tides, currents, 
formation of shoals, &a A great deal of valuable knowledge aur 
to the matter in hand is to be obtained from them. 

So much of practical detail on surveying generally has been 
given in previous chapters ; and with regard to bases, and 
" Surveying by Observation'' in the last chapter, that we shall not 
have to go over that ground again ; but inasmuch as we know by 
experience how strong is the predilection of taking up the pmc^ 
tleaZ subjects, and neglecting what appears purely theoretical, 
we must warn the reader that unless he has made himself 
acquainted with the contents of the last chapter, he will feel at a 
loss in reading the following remarks. 

The outline of the coast should be surveyed from a system of 
triangulation o£f a base, measured or computed from another base 
as already shown ; and the position of this base must entirely 
depend not only on the form of outline, but on the facilities for 
obtaining a correct measurement^ and on the position of objects 
on the coasts inland and out at sea. We infer, however, that 
from previous study the reader has made himself master of this 
portion of the subject ; but we must now observe, as regards the 
triangles thrown up from the base, that the sides of these must 
be so laid down that as many as possible of the stations of the 
main triangles, as well as of stations fixed by observation along 
the sides, should be so placed as to be seen from seaward, so that 
from thence observations may be made upon them ; and to this 
leading feature particular attention must be given. It is far 
more on account of these latter observations that a correct trian- 
gulation has to be laid down, than on account of every little bight 
or indentation of the coast line ; for a minor error as regards the 
position of a station as to the coast line itself, would probably 
become greatly magnified when observed upon from a distance 
in the offing. 

Two of the most troublesome cases likely to arise are where a 
town surrounds a harbour, or where a coast is bounded more or 
less by a bold and lofty cUff, the base of which is washed by the 
waves at every spring tide ; in the first the system of triangulation 
we require \s not practicable, and in the second the stations on 
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tha top of high diflb could mily be ooRvemently observed upea 
at considerable distances at sea. 

Under such dreurastanoes, firsts as regards the town, we must 
have recourse to the best traverse we can lay out| that in, 
with the least possible number of angles and sides^ and this quite 
irrespective of the buildings which may be attended to at some 
future time, with the exception, however, of those with distinct 
prominent features, on which careful observations should be 
made. 

Considerable attention should be given to set out sudi a 
traverse before the angles are taken, so as to obtain the longest 
sides possible ; to make the lines whole numbers In length, and 
so that minor triangles may be formed by observatioDS, as may 
be seen illustrated at Fig. 1 09, where the side O O' may be cal- 
culated by taking either of the sides O a, or a 6, as the bases of 
the trian^es a O", or a 6 O' ; similarly from the length of 6 CK 
found by calculation, may be obtained 6 e and e (y. In another 
instance the line of coast may be so bounded that the traverse 
wiU consist entirely of a number of short lines, when we may 
proceed in a different manner, as in Fig. 110 ; set out a buoy at 
B, on the line O O', with the theodolite, so that from B obser- 
vations may be taken to all the stations a, 6, c, &a ; the laigth 
of B O' may be calculated from the triangle O' B g, with 0' ^ as 
base, all the angles being measured with the sextant, for sine B 
: sine g :: O'g :B0' i this length being then setaout on O O, 
the position of the stations a, 6, c, &a, may be tested from B by 
measuring the angles O B a, aBb,bB c,cBd, &a, from a boat 
at B, and laying them off from B on the plan with a station 
painUry an instrument we shall explain the use of presently ; 
exactly the same operation may be repeated at A, which will in 
most cases be a sufficient check ; we may, however, have another 
buoy at 0, which we may determine the position of by taking 
the three angles CAB, ABC, A C B, and then take bearings 
from C on all the stations above-mentioned. It will be observed 
that if we take D B O' for another triangle, with B 0' last found 
as base, we may compute the length of the side dB ; and from 
d B, in the triangle a A B, we may compute the length of A B ; 
and OA + AB + BO' should by computation be equal to the 
length which O 0' plots on the plan. 

The examples illustrated at Figures 108, 109, and 110, are 
sufficient to explain and suggest the variety of methods we may 
adopt under various circumstances ; for instance, for Figures 109 
and 110 we may calculate O (V in the manner illustrated at Fig. 
76, and explained under the head of traverse. 
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Buoys, — If any description of buoy is used merely with line 
and grapnel, it will be drawn under water as the tide rises, and 
when the depth exceeds the length of line ; if sufficient line is 
allowed to prevent this, the buoy at low water will shift about 
with wind or current, and so continue to vary from its intended 
position during the fall and rise of every tide ; this is prevented 
by adopting a particular system ; the following is the descrip- 
tion of buoy given by Sir Edward Belcher in his '^ Nautical 
Surveying'' as used by himself; a sketch of it is given at 
Kg. Ill:— 

'* A cask of 32 gallons is furnished with double staves and of 
greater width at bung and opposite, as well as double beads. 
Holes are bored throu^ the bung and opposite staves to admit 
of the passage of a spar S^ inches diameter. 

*'This spar, previously well parcelled and tarred, is driven 
firmly home \ cleated to prevent its working out^ and caull^ed 
round the cleating. Three feet project on we larger end, and 
nine on th^ smaller. The larger end is furnished with irons for 
a topmast^ which is 22 feet in length. Close to the oadc at a a 
thimble is secured, through which the moorinff cable passes, as 
well as one similar at b, where the cable is clove hitcned, par- 
celled, and its parts seized to the spar to prevent chafe. Ballast 
equal to 2 cwt is attached at three fathoms below the cask. 
They were moored taut in the line of the stream, had latterly 
full-sized biipiin flags, and were found to stand bad weather 
well, and maintain an erect position in very strong currents 
and tides.'' 

Such buoys answer our purpose perfectly well, but if they are 
of a much less size it is quite sufficient^ ai^d six or seven feet of 
topmast is all we require. 

Another description of buoy is shown at Fig. 112, with details 
at Fig. 113, in which the conical buoy B is made of zinc, about 
2 feet in diameter at top, and about 18 inches deep ; at top and 
bottom, as well as in the centre, are fixed thin pieces of wood 
to stifion the zinc against any accidental blows it may receive ; 
inside and out it is well paid over with boiled tar ; through the 
centre of this is a tube of zinc to reeeive the mast M, projecting 
about four feet above the cone and two feet below ; it is rigged 
in the same manner as the last. A buoy mav also be constructed 
of pieces of 3 or 4-inch plank, as shown in elevation and plan at 
Figs. 114 and 115 ; o and d are two square pieces, above and 
under the star-like arms, the whole being strongly spiked 
together and paid over with boiled tar ; through the centre the 
mast is passed in a hole to receive it^ and fieustened in the same 
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manDer ae the first ; it is rigged as the other two ; it measures 
across about 2 feet, or a little more. 

Station Pointer. — This instrument is so fflmilar to the pro- 
tractor, that a glaace at the appended figure will expltun its 

construction, A and B being 

two arms provided with vemiers 
to work along the graduated 
limb, BO that either aaj one or 
two angles may be set out at 
once. It is used in the fol- 
lowing manner : if out at sea, 
the boat being on a line JLced 
in position by <^>jed:s on aJimc, 
an angle is tiJcen with the sex- 
tant, between such line and an 
object on shore or on the water, 
and shown on the plan ; then 
this angle being set out on the 
station pointer betvi'een the 
centre bar aud the arm A or 
B, it is only necessary to lay 
the first along the above line, 
and make the second A or B 
coincide with the other object, 
when the centre pC^he instru- 
ment will be on the plan in the 
position from which the obeer- 
Tation was made in the boat; 
aud it may be either pricked 
off through the centre of the 
instrument ; or a line may be 
drawn along the arm A or B, 
the intersection of which with 
the other line will also deter- 
mine the podtion of the station 
required. But we may have no 
Hue fixed, and require to de- 
termine on the plan the position 
. ' of a point of o1»ervation on the 

water; in this case it will he 
required to take from the boat the two angles between any three 
objects on shore, the positions of which have already been care- 
fully determined on the plan ; the two angles being taken, the 
arms of the station pointer are opened so aa to coutmn them, 
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and the instrument being laid on the plan so that the three 
arms shall coincide with the three objects, the centre will again 
be over the station required. In the absence of a station 
pointer, we may lay down the two aogles on a piece of tracing 
paper, and produce the three lines to a sufficient length ; it 
wiU be seen that these three lines may be used as a station 
pointer by making them coincide with the three objects between 
which the angles have been measured. Even a sheet of paper 
with the above lines partly cut out may be made to answer the 
purpose for once or twice. 

It will be readily perceived that the station pointer, or that 
imitation of one which we have just descri1)ed, may be used for 
observations on land as well as on the water, and may be made 
to render very good service in testing the accuracy of any plan ; 
for if from any well-defined position we take any number of 
angles to well-defined objects, we have only to fix the arms of 
the station pointer to those angles, when if the plan is correct 
they will intersect the objects on it, when the centre of the 
instrument is placed over tne point on the plan representing the 
station of observation on the ground. 

The position of the station required may be determined geo- 
metrically in the following manner, thou|;h the process is much 
too tedious to be often repeated in practice. Let A, B, and C, 
Fig. 116, be any three stations on shore or otherwise, of which 
the positions have been determined ; say that from a boat in 
any position, which we will call D, the angle A D B measures 
30^ and BDC 50°; from 180** subtract twice ADB = 60, 
leaving 120'' ; from A and B lay off half the remainder = 60, a^ 
BAE and ABE; the lines A£ and BE will meet at E, where 
the angle E will be twice the angle A D B, and E will be the 
centre of the circle A B D ; repeat a similar operation at B and 
C, with regard to the angle B I) C = 50, and F will be the centre 
of the circle BCD; the intersection of the two circles at D will 
be the position of the boat which was required. 

It wul be observed that this would be a very lengthy process, 
if every one of the numerous soundings required hwi to be thus 
laid down on the plan ; and so indeed would be the use of the 
station pointer, if two angles had to be measured and laid down 
for every sounding also. It is for this reason that it has already 
been pointed out that certain lines along the shore reouire to be 
laid down in a systematic manner, for the purpose of facilitating 
some rapid mode for taking angles, and also for afterwards laying 
down on the plan the stations from which the observations nave 
been made. 
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The object, in fbct, to be attained is the readiest mode of 
measuring numerous inaccessible distances and setting these off 
on the plan ; and there is no way more simple than that illus- 
trated at Figures 98 and 99, in which one line is set off perpen- 
dicular to another, and therefore containin|; a right angle ; if any 
number of third sides are set off viauaUy, connecting tiie first 
two, and either of the other two angles in the triangles thus 
formed is measured, the third angle is obtained by the most 
simple calculation, merely subtracting the measured angle from 
90^ In Fiff. 117 the line G,.F...E has been selected as facing 
the offing, m>m which the whole or the greater part of it is 
visible; the length of it has been calculated from the bases A B 
and A D in the manner above explained, and portions of it have 
been measured to verify the calculations ; let it be required to 
set off a portion of it, as B C, equal to the round number 2500 
feet, this length having been selected as suitable from a former 
chart, from which it has been judged whereabouts C will fall; 
set off fi a at right angles to B U, and make Ba very accurately 
equal to any assumed round number as 200 feet ; assuming B a 
as radius, and BO as tangent, divide 2500 by 200 = 12«o000. 
Amongst the tabular tangents look for the nearest number to 
this, which is 12*6199, the tangent to SS"" 26^ ; the next nearest 
is 124742, being the tangent ot85'' 25' ; the difference is 0*0457, 
about one-third of which subtracted from 12*5199, will be the 
tangent near enough for our purposes, and the angle we require 
will be SS"" 26", one-third of a minute, which will give 86"" 25' 40*, 
or as near as we shall be able to read off If this angle be set 
off from a, as BaO, the intersection of aC with the line BC 
will be the station required ; it being, of course, understood tiliat 
whilst is fixed with the theodolite from a, the assistant at C is 
carefiil to keep on the line OB C. To fix a buoy at b, 500 feet 

near^ to B ; ^^ = 10*0000 ; the nearest tabular number is 

200 

10*0187, the tangent of 84"" 18'; proceeding as before we shall 
find the angle B a 6 to be (near enough) 84^ 17' 30*^. To deter- 

mine point c, 600 feet nearer again to B ; — - = 7*500 ; and 

{proceeding as above we shall find the angle B a c = 82*" 24' 20*. 
n the same manner we. may determine the positions of the two 
remaining stations between c and B. Havmg determined the 
station C, it may so occur that the line of shore prevents 6 and c 
from being visible from B ; then move the theodolite to C, and 
set out the radius Cd; and from d proceed as we have just done 
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at a, for b and c, wiUi only this difference, that we shall have to 
operate with 500 instead of 2000, and 1000 instead of 1500. 
To buoy out the lines into the offing from a boat at 6 and c, set 
out with a sextant carefully adjusted at 90°, as &, e^f, and c, g^ h; 
and similarly with the other line& Or from B we may set out 
B a\ perpendicular to B C, and from a', a' C, perpendicular to 
Ba^, and measure off on a' C the lengths required, and so deter* 
mine the lines wanted. There will now be no difficulty in per- 
ceiving that on the line 6, h\ e,/, we may take •with the sextant 
as many angles as we may require soundings, B 1 6, B 2 6, B 3 6, 
&c., the boat being kept carefully on the line buoyed out, either 
by means of the buoys or the stations on shora The stations 
determined by the angles thus measured may be laid down on 
the plan by means of the station pointer in the manner already 
explained ; for the line^ 6, 6,/ being set off on the plan in the 
same manner we have just supposed being done in tne offing, it 
is only necessary to lay off the angle B 1 & on the limb of the 
instrument, and making one bar coincide with 6, e,/, move the 
instrument along the line, until the other bar coincides with the 
station B, when the centre of the instrument is over the point 
required. We consider, however, that it may be much more 
readily done by keeping the note-book in the following manner, 
and computing the distances 6 1, 6 2, 6 3, & 6, &a 

NO. OF LINE— STATIONS OBSERVED— I^ENOTH OF 

RADIUS = 2000 FEST. 



Angles 


Complementary 


measured. 


Angles. 


76^46' 


18° 14' 


61° 61' 


28° 9' 


Se* 6' 


33° 55' 


49° 2' 


40° 68' 


42° 82' 


4r28' 



Tabular 


Dbtanoe 


Tangent. 


in Feet. 


•2351 


470 


•5351 


1070 


•6724 


1346 


•8682 


1786 


1^0900 


2180 




The first measured angle is taken at 1 ; the three angles of the 
triangle B 1 6 being equal to two right angles, one of which is 
at 6, the remaining two angles are equal to the remaining right 
angle, and if from 90"* we subtract the observed angle, the re- 
mainder will be the complementary angle 1 B ^, to which 6 1 is 
the tangent^ B 6 being radius \ at 1 the observed angle is 76'' 46", 
which, subtracted from 90^ leaves the complementary angle 
18n4»'=l B6; the tabular tangent of 18^ 14'^ -2861, which 
multiplied by radius B 6 = 2000 = 470 feet = 61. Proceeding 
if! the same manner with the next angle ^V 6\\ observed at % 
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^e shall find & 2 = 1070 feet ; and 6 3 :== 1345 feet ; and 6 c = 
1736, and 6 4 = 2180, &c.; these distances being all plotted 
by scale from the point b, determine the position of the points 
or stations required. We may proceed in the shoye manner with 
any number of lines which are at right angles to another, as 
L, K, k ; I, m, Tiy or any others. To fix the positions of o' o', 
on the line G H produced, we shall have to set off the positions 
of o' o" by means of the station pointer, the angle at H not 
being a right angle ; the same is to be observed of the line H K, 
the observed angles on which are subtended by the line H I. 

With regard to the line M N ; to set out this line across the 
offing parallel to H E, both H M and E N being already set 
out at right angles to H E, and the distance H M having ali^^y 
been determined by the observation there taken, as H M B ; the 
length of H E is known, or may be ascertain^ by any of the 
means we have already explained, and M N, being parallel to it, 
and between the same parallels, is equal to it> we have therefore 
only to set out the distance E N, or, which will be the same 
thing, determine the position of the buoy at N, by observation 
from H, which may here be done either with the theodolite or 
the sextant ; that is, by taking H M as radius, and M N = H E 
as tangent of the angle M H N ; or dividing H E by H M, which 
will give the natural tangent of the angle required ; this opera- 
tion we will not repeat, as it has already been just explained. 
The line M N being buoyed out, we ms^ take any required ob- 
servations along it on the two stations H M or E N. The point 
O is fixed by the two angles C O D, D O E, and laid down on the 
plan by means of the station pointer ; we may in the same manner 
determine P, Q, It, or any other number of irregular stations that 
may be required, from which any special observations may have 
been made, as for instance by the diving-bell, or by boring. 
With a little study the reader will be able to make many more 
observations on this diagram. 

Another method of buoying out a harbour is illustrated at Fig. 
118 ; the stations a, 6, e, dy e, being fixed, buoys may be laid at 
any convenient spots, as A, B, C, and lines through them and any 
or all of the stations may be starred off, one after another, and 
the required observations may be made along the lines thus 
buoyed out, in the manner already explained. In case any of 
the above stations, as a, b, c, d, e, are inconveniently placed, as 
for instance on the top of a cliff, then the positions of others 
may be determined from A B, and C, lower down the cliff, where 
they may be secured a few feet up from the beach, as for instance 
two or three pieces of plank knocked together about four feet 
square^ and painted black or white, as may best show up against 
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• 
a dark or light cliff; the position of these may be checked by ob- 
servations made upon them from two or three stations on shore. 
With regard to the kind of boat required, much will depend 
on the locality, the extent of observations to be made, and their 
description as regards the soundings, as whether with the lead, 
the plunger, or other means ; this boat must be sti^ and well 
manned, so as to be under command, but not crowded ; the ob- 
server should, if possible, raster his observations himself; he 
will require a man to take the soundings with the lead, as there 
will be quite enough for the observer to do to take angles, and 
enter notes; besides which he must keep his hands dry; the 
person sounding should be trustworthy, though still carefully 
watched. Sometimes a boat with two good oarsmen and a man 
at the helm will be sufficient, for great speed is not required; and 
at others such a boat as a ship's launch may be required ; the 
reader will form a betfcer idea of what he is likely to want when 
we come to the subject of sounding, and observes the conditions 
to be fulfilled. When he has obtained sufficient practice, the 
observer will often be able to make his observations without 
mnorine, and therefore it will be necessary to get accustomed to 
h.» work by use, before he takes to it in earnest ; at other times 
it will be necessfcry to anchor for every observation ; this must 
depend on the kind of work that has to be done ; it will be 
necessary U> moor the boat when several angles have to be 
taken from one station ; when only two have to be taken, select 
stations if possible, so that the two angles shall be compassed 
by the limb of the sextant ; after having taken the second angle, 
repeat ftodk, as this should bring the vernier to zero. 

The box-sextant will often be found sufficient, but we confess our 
predilection for the sextant, the limb being much more legible, 
particularly after a little use. In usin^ the sextant^ grasp it by the 
handle, firm but not tight, because this will make the hand shake; 
let the handle be held with the four fingers of the right hand, 
leaving the thumb to work on the barrel of the adjusting screw of 
the telescope when this is in use. Place the second and third 
fingers of the left hand steadily against the limb and its support 
beyond the tangent screw, the objects to be observed being sup- 
posed to be brought already nearly in contact ; the finger and 
thumb are now free to act steadilv together on the tangent screw, 
and without any strain. The elbows should be well raised, in- 
stead of laying near the sides, so that the body may move 
freely from the hips, which counteracts the motion of the boat 

During fine calm weather as much boat work as possible 
should be got over, which the landsman will find no smail com- 
fort, merely employing an hour or two in the evening in laying 

o 
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down sufficieat of the work to see bow it progresses, and how it 
lays on the plan ; a few hours thus passed in the evenings will 
be well repaid by keeping the mind easy during the progress of 
the work. 

From the above observations we hope it will be obvious, why 
careful study should be given to placing certain stations and 
measured or calculated lines in such positions as to be conve- 
niently seen from the offing and off the shore, and so also that 
there shall be as few verj obtuse angles as possible. These lines 
and stations often require to be determined before any others, 
and then other lines and stations laid out subservient to obtain- 
ing the lengths and positions of the first. We hope also that it 
has been made evident how verv valuable may be the most 
simple knowledge of the mere elements of trigonometry, and 
how very easily it may be acquired. 

We shall now conclude this portion of our subject, by observing 
that it is not necessary to take an instrumental observation at 
every sounding, it being often sufficient to take these at every 
fourth or fifth sounding; the intevTriedioUe distances between 
the observed stations being calculated by some twenty or thirty 
strokes of the oars ; the same number being taken from sounding 
to soundings the distances between the observed stations are 
divided into equal spaces, according to the number of times this 
has been done ; with care, considerable time may be often saved 
by this meana 

With regard to the number of observed stations, much must 
depend on the profile of the surface at bottom, for where this is 
irregular or the fall rapid, a greater number of soundings will be 
required than where we have a regular and gentle fall. 

ooundvngs, — The object of taking soundings is twofold; to 
obtain the depth of water over the proposed harbour and in the 
offing, (U (yi'dvaary low-water spring tides, and also indications 
as to the surface of the bottom when the lead merely is used, 
and at some depth under it when other means are resorted to. 

The Handrlead. — The instrument most generally used for the 
purposes of the engineer is a chain such as that made by Measra 
Elliot, which is divided into feet by marks on which the numbers 
are legibly engraved, each foot consisting of inch links, so that 
the depths mav be taken in feet and inches very easily ; these 
chains are made in leujgths of 50 and 100 feet ; at one end is 
attached a leaden weight, varying from five to ten pounds, 
according to circumstancesi a mean between the two answering 
the purpose best generally ; it is of a long conical shape, from 
two to three inches in diameter at bottom, which is hollow and 
filled with tallow, to which any loose particles at the bottom get 
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attached when the lead Btrikes it ; when the lead feJls on rocks 
or stones, it will be bruised by the blow. If the lead is allowed 
to drag at the bottom, whilst the chain is held in hand, jerks 
will be felt as the weight strikes against rocks or boulders, and 
where these are rough and sharp, the lead will be found torn 
when drawn up ; when these unwelcome occupants on the surface 
of the bottom are encountered, careful observations of their 
whereabouts are required that the site all round may be carefully 
examined to isiscertain the extent of such foul ground ; the jerks 
will be found to subside as the lead leaves the rocky surface for 
one of sand or clay. The height of projection of these rocks 
above the surface may, of course^ be easily ascertained by the 
chain. Care, however, is required in allowing the lead thus to 
drag at bottom, or it may get so entangled or wedged between two 
rocks, that it may be impossible to free it, and the chain gets 
broken ; a repetition of this might become expensive ; for the 
purpose, therefore, of dragging it is better to have one or two 
spare leads, one of which may be attached to a rope so protected 
as to prevent its getting chafed against the bottom, the chain 
with its weight being reserved for taking depths. 

It will not fail to be observed, that this is but a very super- 
ficial way of obtaining indications as to the nature of the bottom, 
for a thin surface of mud, sand, or clay, may overlie a substratum 
of rock, the presence of which would thus remain unknown, and 
the whole survey, as far as the value of the holding ground, 
would be a fallacy ; and even if the soil at the surface was of 
any depth, its quality as to power of holding would equally 
remain tmindicated. . 

The Phinger. — ^In conjunction with the hand-lead, there is 
another instrument which is often used to ascertain the nature 
of the substratum to a depth of from one foot to two feet below 
the surface ; this instrument is called the plunger, and is iUns- 
trated at Fig. 119. It consists of an iron^bar, about six feet long 
and about Ij^ inch thick, armed in the middle with a weight of from 
thirty to one hundred pounds ; above the eye end may he attached 
a piece of board to act as a float, and to assist the perpendicular 
descent of the plunger, which is pointed at one end to enter the 
ground ; the length between the point and the weight is jagged, as 
shown in the drawiug, so as to bring up portions of the ground 
pierced through by the instrument, which being suddenly let down 
with such a weight enters the subsoil to some depth — ^the deeper 
accordingly as the weight is greater. A heavy weight, however, 
has its ^disadvantages, inasmuch as it is clumsy to handle, and to 
get in and out of the boat ; it also requires a larger float ; more- 
over, when the plunger is anned with a very great weight and 

o2 
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strikes upon rocks, it sometimes gets bent and even broken. It 
is therefore well to have two in the boat, armed with two 
different sized weights ; the lighter one being used first, if there 
is no indication of rock and we wish to test the quality of the 
ground to a greater depth, we then let down the plunger armed 
with the heavier weight This instrument has been in use for 
very many years ; it will not, however, indicate the nature of the 
bottom beyond a certain depth ; neither will it discern between 
the natural rock and a mere deposit of stones imbedded in the 
surface ; a little patience and a few trials will, however, some- 
times assist us in this, but not constantly. The anchor should 
always be examined when drawn up, the fluke often bearing good 
evidence. 

In very many cases the hand-lead and the plunger together 
will afford very satisfactory proof as to the nature of the bottom, 
more particularly where the shore gives no indication of rock, or 
where the geological formation does not give reason to apprehend 
anything of the kind ; where the water is not of too great depth, 
the ground may be probed by means of a long pole armed with 
an iron bar. 

Diving. — ^The next method of ascertaining the nature of the 
holding'ground is by the reports of a trustworthy diver walking 
over a portion of the ground. He is provided with an iron bar four 
or five feet long, attached to a buoy with a two or three-inch 
rope ; he drives this bar into the ground with a mawl, or presses 
it in, and may be led some distance round the boat ; if provided 
with a rope some twenty or thirty feet long, he may examine the 
ground some distance round his ladder, and even further by ^ht, 
which, however, will depend on the state of the water ; he can 
also send up samples of the ground, and to test his accuracy he 
may be led to and from a spot examined, and back to it again, 
and his reports may be compared. The bar when hauled up, after 
being sunk in any adh^ve &px>und, will bring up some of the 
earth sticking to it ; and if it has been driven in to any depth 
will often require a windlass, and several men to haul it up. 
Although the diver may sling samples which may then be drawn 
up, his reports must be taken as he gives them to a very great 
extent; it is therefore indispensable that he be trustworthy, 
and also very desirable that he should possess sufficient nautioeJ 
experience to understand the subject on which he is reporting. 
The points where these observations are made wiU, of course, 
have to be determined by carefully measured angles; or they 
must be fixed by the intersections of lines on shore, these lines 
being on stations, buildings, or other objects on the plan. The 
spots thus examined by the diver should be shown by drdes 
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equal in diameter to the distance actually examined ; and these 
circles should be numbered in accordance with the numbers in 
the note-book. 

Boring. — ^The next method of testing the bottom of a harbour 
is by boring down through a length of iron-piping, about three 
inches in diameter, and in lengths of about six feet, which is 
done at about the time of low-water, from a platform rigged 
oyer two boats. Under any circumstances this is a troublesome 
operation in deep water, where there is any swell or motion ; 
and although it will be much less difficult to sink into clay or 
sand, it is very different on striking a boulder or rock, where 
every inch downwards has to be gained by "jumping." * To 
pierce through a large boulder in deep water will be a rather 
serious undertaking, or into the natural rock ; and the boring- 
tool will not ascertain whether the work is being carried on a 
natural bed, or an accidental deposit, any more than the plunger 
will ; but where it is only desirable to ascertain the depth of a 
stratum into which the auger will cut with average despatch, 
then boring will generally be the best and readiest means to 
ascertain the fact as to depth of sand, clay, mud, &c. &c. 

Of the above four means, viz., the hand-lead, the plunger, the 
diver, and the boring -rod, anyone, or all conjointly, ma^ be used 
according to circumstances, and as one of these may pomt to the 
necessity of usin^ another ; the nature of the bottom of the 
harbour as holding-ground is a condition about which there 
must be no doubt, whatever the means, or the number of means, 
we may have to resort to before we can come to a conclusion 
satisfactoiy to ourselves or to others. 

Anchoring, — In all the above operations the engineer will be 
more or less assisted by nautical men, and with regard to testing 
the quality of a holding-ground by anchorihg, this assistaDce wiU 
become all the more indispensable ; the value of this test consists in 
leadine at once to a practical conclusion as to the actual quality of 
the hMLvng-gii'ound. The various means adopted to prove this by 
anchoring are very numerous ; employing a steamer, she may 
be anchored in six or seven &thoms at low-water, veering out 
the length of cable that may be thought sufficient to hold in a 
gale of wind ; this may be a whole cable, and afterwards less and 
less ; the steamer may then be backed by the paddles, and as 
soon as the cable indicates the strain being felt, the lead aaay be 
dropped over, and it may then be observed whether the anchor 
starts under the power of the engines, a careful reckoning being 

* The reader who has had no experience with boring tools, will find a full 
description of them in Bailway CoHstruetioH, by the author of the present 
volume. 
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kept of the number of revolutions made at the time ; times of 
slack and smooth water should be sought, when convenient, for 
making these experiments, and consideration must be given to 
the condition as to whether the harbour is to be a close harbour, 
the amount of shelter, the part occupied by the vessel as regards 
prevailing winds, &a According to the tonnage of the vessel, 
the weight of the anchor used is five cwt. to one ton ; if in such 
a depth of water as that above mentioned, the. anchorage is 
tried by letting out only some twenty- five fathoms,. conditions may 
arise such that the anchor has no chance of getting hold of the 
ground, whereas were twice such quantity veered out, the anchor 
would get a fast hold. Whilst to let out too little cable may be 
one extreme, the other may be easily run into by *^ making 
arrangementsi^' such as could not be worked out under the 
natural state of things in which a vessel would make her way 
into harbour. It is also to be remembered, that although a 
sailing vessel, by doing all that may be done to check her way, 
may assimilate to the conditions of a steamer, still it is not 
possible to obtain as read^ a command over her sails as the 
engineer has over his engine; it is therefore necessary in the 
log to keep a correct account of all that is done in this way to 
try the quality of the holding ground, for should the tide set 
rapidly across the mouth of a harbour, a good way must be kept 
upon a vessel to enable her to get in ; the quarter of the pre- 
vailing gales will also have to be considered. 

Rea/iwing Sounddngs, — During the greater part of the time 
that soundings are being taken, to ascertain the depth of water 
the tide is rising or falling, and therefore to reduce the depth to 
one standard or level, it is necessary to have a correct record by 
time of such rise or fall ; it has already' been observed that this 
level is generally " Low Water Ordinary Spring Tidea'' It is 
therefore necessary that the observer in the boat should keep a 
correct time as to his soundings, and that a most trustworthy 
person be employed to make the observations also by time of the 
rise and fall of the tide as indicated by a tide gauge established 
for the purposa By this means the observer has on returning 
to land the opportunity of obtaining the rise and fall at stated 
times, and therefore of reducing his soundings to the standard 
level 

At Fig. 120, which is a slight sketch of Holyhead harbour, 
the manner in which the depths of soundings are entered on the 
plan has been shown ; the dotted lines, however, are only laid 
down on the working or draft plan. With regard to the nature 
of surface at bottom of haxbour, this is shown by patches or 
circles, or by long bands, accordingly as observatious have been 
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made in various spots, or in a continuous route ; and these yarious 
marks are coloured by conventional colours, an explanation of 
which is carefully entered on the plan ; the patches or circles are 
all numbered in Roman figures according to the notes previously 
made, and to distinguish them from "the depths of water. If the 
nature of the bottom has only been ascertained by the lead or 
plunger in a continuous line, it is shown merely a strong dotted 
line ; if by a diver, then the width tried by his probing bar is 
laid down on the plan, according to the widths of surface 
examined. Any other system may be adopted, provided it ex- 
presses distinctly the nature of the information obtained ; thus 
small geometrical figures, as circles, squares, triangles, crosses, 
&c., may be used to distinguish the different features of the 
surface of the bottom, provided that their meaning be entered 
on the plan. Similar or analogous marks and signs may be used 
for expressing the power of the holding-ground, accordmg to the 
number of revolutions made by the engine before the anchor was 
moved ; two parallel lines drawn quite close together are generally 
the means of showing the length taken by steam-vessels to bring 
up, and along these lines is shown in "knots^' the rates at which 
the vessels were going when the anchor was let go. The quantity 
of information to be thus shown is offcen so great, that to enter it 
all on one plan would result in a mass of confusion ; two or three 
plans are, therefore, often prepared, on each of which is entered 
only one description of information ; all this must in a great 
measure depend on the quantity and different natures of the 
information that has to be expressed on the plans prepared. 

With regard to the tidal observations that have to be made in 
connexion with harbour and marine surveys, they may be very 
simple, and at times very complex, particularly if extending over 
any length of time, as is generally required to be the case, or if 
made along any long line of coast, or up an estuary or tidal tiver. 

On the open coast there is a greater regularity in the rise and 
fall of the tide than in most other situations, particularly narrow 
channels, estuaries, and tidal rivers. In these cases the anomalies 
in the tides are so numerous that the tidal lines are by no means 
parallel during the whole period of flood and ebb, as a very little 
consideration will show. For when the tidal wave enters a 
channel, it does so with a certain velocity and volume of water ; 
if a contraction -occurs in the width of the channel, either the 
deptii of the water or its velocity, or both, must increase according 
to the. momentum due, so that in some situations the height of 
the tide may be considerably in excess of the elevation in the 
open sea. The greater the rise of the tide, the more irregular 
the longitudiaal and transverse sections of the bed, the more 
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numerous the sharp turns, bends, and contractions, the more 
rapid the currents, the more numerous should be the stations at 
which tide gauges are established. 

Although we sujppose the reader more or less acquainted with 
the nature of the tidal phenwnenon, it will be necessary for many 
younger students that a few general observations be niade on the 
subject in such an elementary work as this. These, however, we 
will endeavour to ^ve in as few words as pos^ble. 

The tidal wave is due to the force of attraction exerted by the 
sun and moon on the waters on the surface of the earth. The 
curved surface of the water due to the progress of the tides from 
that part of the ocean where they are first produced, and which 
passes from one low water over the summit of the tide down^nto 
the next low water, has been denominated the tidal wave ; it is 
so lonff that it takes 12^ hours to move its own length, but is, 
neveruieless, a true wave. 

The force of attraction from bodies at equal distances is pro- 
portional to their masses. 

The attractive forces of bodies equal in mass, but at different 
distances, vary inversely as the squares of the distances. The 
effect of the combined attraction of the sun and the moon upon 
any point of the earth's surface, would be to draw up the waters 
in a heap at that point under the sun and moon, if the earth 
stood still long enough; but on account of the velocity with 
which the earth rotates, there can only be a tendency to this 
result. 

Taking the mass of the sun at 28 millions that of the moon, 
and its distance from the earth 400 times that of the moon, its 

power of attraction will be ^ ^ = 175 times that of the 

moon. 

This is on the mass of the earth, and not at different parts of 
the surface. Taking the distance of the moon from the centre 
of the earth at 60 times the radius of the earth, then the side 
nearest the moon will be at a distance of 59 times the radius, and 
the farthest at 61 times the radius ; and the difference in the 
force of attraction at the nearest point and the centre of the 

earth, and at this centre and the farthest point wiU be*^--. 

In the same manner, taking the nearest point of the earth to 
the sun at 23,999 times the radius, the centre as 24,000 timea^ 
and the farthest point at 24,001, it may be shown that the 
difference of attraction at the surface and at the centre is only 
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j^ instead of ^. as in the case of the moon, and being, there- 

ford, only taa^ ^^^ ^^ ^^ moon ; but on acoount of the mass 

of the sun being 1 75 times that of the moon, its actual propor- 
tion of ^ect on the raising of the tides to that of the moon is as 
1 to 2i. 

The moon making her apparent circuit in about 24 hours and 
48 minutes^ the Tnoon'a tidal wave yfiS. recur at every 12 hours 
and 24 minutes. The sun makes his circuit in 24 hours, and his 
toave will therefore recur at every 12 hounL 

The sun making about 30 waves, whilst the moon makes 29, 
if at the first of these i9, the summits of the two coincide, at the 
15th tiie summit of the moon's will coincide with the hollow of 
the sun's^ and at the 29th the summits of the two will again 
nearly coincide ; a process very analogous to the weU-knowu 
phenomenon of the recurrence of spring and neap tides, the first 
of which occur at about every fortni^t, and the latter in the 
intermediate weeks. 

When the moon is new she is between us and the sun, and in 
the south at mid-day when he is, and the two act conjointly in 
drawing up their respective wavea 

When the moon is full she is in the south at midnight, when 
the sun is due north ; here also there is conjoint action, because 
the moon's nearest wave will coincide with the sun's farthest 
wave. 

In the moon's '' quartermgs/' or intermediate weeks, she is in 
the east or west when the sun is in the north or south ; and the 
moon's wave will have its summit at a point of the riobe at right 
angles witib the sun's wave, and will comcide with the position of 
the hollow caused by the sun. 

Sir Isaac Newton calculated that the height of the tide due to 
solar attraction would be 2 feet at the equator ; the influence of 
. the moon taken at 2^ times that of the sun would make this 4^ 
feet, and the spring and the neap tides, being each the sum and 
difference of the two, would be 6^ and 2^* This complete effect 
of the forces of attraction would, however, be prevented by the 
velocity of rotation of the earth| even if its simace were com* 
pletely covered with water. 

But on account of the many changes in the relative positions 
of the three bodies, there are also many modifications in their 
attractive force, and the foUowing circumstances are observed. 

During summer and winter, at new and full moon, the sun and 
the moon exert their attractive forces together upon aUemate 
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belts of the earth's surface^ so that the consecative waves caused 
by these attractions, although recurring at reralar times, or nearly 
so, will be in themselves different; and it is found that in 
summer and winter aUemate spring tides are high and low, and 
neap tides nearly regular. 

In spring and autumn the attractive forces exert their power 
upon the equator each time, consequently the consecutive waves 
will be nearly similar ; and during these seasons the spring tides 
are found regular, and the neap tides alternately vary. 

The above modification is called the dd^urrial inequality of 
the tide. 

Equinoctial tides are the greatest ; at the equinoxes the sun 
and moon act in concert on the equator, where they have the 
greatest effect, this being the greatest circle round the earth, 
and where the centrifugsd force exerts its greatest strength ; the 
tide-wave whose summit is in the equator is greater than one 
with its summit on either side of the equator. This depends on 
the declination of the sun and moon being greatest when the 
declination is zero, and least when the declination is greatest, 
either north or south. On the 21st of March the sun strikes 
down vertically on the equator, and the sun's declination of zero. 
On the 21st of June the declination is 23} degrees north ; and 
on the 21st of December the declination is 23} degrees south. 
When new or full, the declination of the moon is always nearly the 
same as that of the sun. In the quarters the moon's declination 
is greater in spring and autumn, and least in summer and 
winter. 

With regard to the prediction of the tides, the following was 
the principle of the method adopted by Sir John Lubbock : — 

He took a series of obserTalions extending over 19 years; that being the 
period in which the moon returns into the same position relative to the son 
in all respects, and consequently containing a cycle of all Tarieties of tides ; 
aU amounts of declination, distance, ftc, for the different directions of the 
sun and moon. 

This j^ve him about 14^000 observations as his materials. 

He divided these 14,000 into 24 groups, the first containing all those tides 
which occurred on the day of new or full moon, when the moon crossed the 
meridian, or became exactly south, between twelve and half-past twelve; 
the second ffroup contained the tides of the days when the moon was south 
between half-past twelve and one ; the third between one and half-past, and so 
on for the 12 nours. 

Each of these 24 groups contained about 680 observations. 

Striking an average of all the heijg^hts in each group, he found the heij;ht to 
which, (m an aoerage, all tides which occur on the day of a certain time of 
transit of the moon rise, which is as mnoh as to say, that when the son and 
moon have their mean declination, and are at their mean distance from the 
earth, such will be the height of the tide at the different periods of the moon's 
age. 
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His next pcocess iras to place against the date of eaoh tide, in each group 
of 580, the declination of toe moon when in the meridian on that day. He 
then divided each group into 11 subdivisions, each subdivision oonsiBting of 
those tides corresponding to a declination of 0° to 3°, 3° to 6° 6° to 9° &c., 
up to 27° to 80°. He then took the averages of the heights in each of these 
subdivisions, and so found how much the tide at any given period of the 
moon's age would be affected by the moon's declination. With the moon on 
the equiSor the height would be so much ; and the difference would be so 
much for each three degrees of declination. 

Next he took the same 24 groups of 680 tides, and subdivided them accord- 
ing to the moon's distance from the earth at the time each occurred, making a 
subdivision for each minute of parallax.* From this he found how much the 
moon's distance made the height of the tide vary from the mean hei^t at any 
given age of the moon. 

The same process was gone through with the sun's declination and parallax; 
and also the declination tables were again subdivided into north and south 
declinations, or day and night tides, to show how much inequality there was 
between them for each 3 degrees of declination. 

Thus 7 tables were obtained as follows : — 

I. The average height of the tide corresponding to any half-hour of the 
moon's transit. 

n. The variation from this average caused by the moon's declination. 

III. The variation caused by the moon's parallax. 

lY. The variation caused by the sun's declination* 

y. The variation caused by the sun's parallax. 

VI. The iuequalitv between two consecutive tides caused by the moon being 
altcmatelv nortn and south of the equator. 

VII. The same inequality dependent upon the sun. 

With these tables tnerefore, a set of which may be found in the CompanioH 
to the Britiih Almanac for 1837, the height of the tide may be uredicted 
for any future day for any phice to which the tables are applicable in the 
following manner. 

The Nautical Almanac gives the time of the moon's transit for the day in 
question. Table I. gives the average heijght corresponding to such time of 
transit. The Nautical Almanac farther gives the moon's dedination for that 
day. Table H. cives a correction of a few inches to be made to the height 
given in Table I. In the same way Tables III., lY., and Y. nve farther 
small corrections according to the parallax and declination for the day as given 
in the Almanac^ and then a height is found which b half-way between the 
morning and evening tides of that day. Tables YI. and YII. give the cor- 
rection to be made according as the higher or lower tide of the day is 
wanted. 

This mode of calculation having been comfMired with observation, it was 
found to have indicated with remarkable precision the changes which did 
actually follow in th(f various heights of the tides. Such discrepancies as 
appeared were made the grdundwon: of renewed study, and some corrections 
were made, especially that in calculating the tide for a certain day, the time 



* Astronomical tables give the distance of the sun and moon, not in so 
many miles, but by ihsk parallax, that is, the size which half the diameter of 
the earth would appear to be to a person standing on the sun or moon. 
Thi§ would evidently be larger as . tne sun or moon became nearer. The 
moon's parallax varies from 64 to 01 minutes; the sun's from 8*66 to 8*04 
seconds. 
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of the moon's transit of two or three days previous was taken as the startlng- 
point of the cakulatiou. 

In this manner tides have been predicted for every day of the year for 
a]l ports at which a sufficient number of obsenrations had been ^ made to 
found the tables upon, and the predictions have been verified in a most 

remarkable manner. 

• « » • • ♦ 

The following taUe will illustrate the effect of the sun in aooeleratiiiff the 
tide from springs to neaps, and in retarding it from neaps to springs, anahow 
a^ neaps as weU as sprii^ it is coincident with the lunar wave. 

It gives the time of high-water at Liverpool in the month of December, 
1853, from the full moon on the 16th to the new moon on the 30th. 

Column I. is the time of the lunar tide, varying from 44 to 61 minutes 
daily. 

Column II. that of the actual combined solar and lunar tides. 

Column in. the difference from day to day of the time of the actual tide. 

Column IV. the amount which the actual tide is hefort the lunar tide. 

Column Y. the amount which the actual tide is heldnA the lunar tide. 



Day. 


I. 


II. 


III. 


IV. 


V. 




016 


11-6 


11-6 


0-0 




Spring. 


16 


11-33 


11-40 


34 




0-7 




17 


12*23 


1213 


33 


0-10 






18 


lis 


12-60 


37 


0-23 






19 


2-08 


1-26 


36 


0-37 






20 


2*61 


2*8 


^ 


0-43 






21 


3*38 


2-48 


40 


0-60 






22 


4-24 


3-35 


47 


0-49 






a23 


6*06 


4-27 


62 


0-41 




Neap. 


24 


6-64 


6-33 


66 


0-21 


' 




25 


6-41 


6-39 


66 


0-02 






26 


7-31 


7-47 


68 




016 


•% 


27 


8-26 


8-46 


69 




0-20 




28 


9-26 


9-41 


66 




0-16 




29 


10-30 


10-33 


62 




0^ 




•30 


11-36 


11-28 


66 


0-08 




Spring. 



Now here it will be observed, that from two days after spring tide till two 
days after neap tide, the differences are in Column IV., or the actual tide is in 
advance of the lunar tide. After that, the differences are for four days in 
Column v., or the actual tide is in arrear of the lunar tide. The irn^larities 
are consequent upon the chants of declination and parallax which take place 
within the fortnight. Now it is clear that these variations in the times, being 
dependent upon the same causes as the variations in the heights of the tides, 
can be treated in the same manner as the observations of height. Each 
observation being referred to its group, tables may be formed from which the 
time of any future tide may be predicted. 

HiIb has been done, and the result has been equally successful with the 
result of the predictions of height 
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With regard to the calculations that might be made to predict 
the time and height of the tidal wave at any particular spot^ 
from the position of the earth and the heavenly bodies, and ap- 
plied to a globe covered with a uniform thickness of water, it 
will at once be seen that the earth we live on is totally different 
from such a globe ; and the tidal wave instead of moving on 
steadily and regularly, is on our earth obstructed and distorted 
in various ways by the various forms of the land, such as pro- 
montories and peninsulas, islands, inland seas, reefs, rivers, &c. ; 
and the obstructions from these relate not only to the immediate 
confi^ration of the land between high and low water, but to the 
shelving shores stretching out to a distance into the sea, where it 
forms probably a kind of submarine countrv with its hiUs and 
valleya When the main body of the travelling tidal wave ap- 

Cches the shores of islanas and projecting continents, it 
mes checked on the diminished depth of water long before 
it is perceptible on any shore. The direction of what may be 
termed the branch of tne wave, as it curves round the shores of 
an island or peninsula, may assume that of a line at right angles 
to the line of the summit of the wavei This alteration will be 
in height and time as well as in direction. Not only it may as- 
sume this right-angled direction, but it may, and even does 
assume a rotatoiy or retrograde motion in some instances. 

Even along a straight line of shore parallel to the direction of 
the tidal wave, the jdifferent depths of water will produce dif- 
ferent ratios of speed in the tide as it approaches the land ; and 
this approach may be in a series of curves of greater or less cur< 
vature, according to different depths of water off the shore, the 
sharper curvature probably corresponding to a less depth of 
wateh Supposing the tidal wave to travel along the Atlantic 
from south to norUi, at a rate of 700 miles per hour, it was sup- 
posed the sea was there five or six miles deep, which has since 
been verified. 

The impediments formed by extensive coral reeis round the 
shores of islands, are often such as to afford inlets to the tides 
only at certain places ; the direction and time of the tide- wave 
may thus be entirely changed, and therefore give no idea of the 
tidal movements outside these bars, and variations are tlius 
caused to the amount of several hours, and when they extend to 
twelve hours, it is doubtful whether the tide under observation 
is due to one transit of the moon or to another. 

The ^ageofihe tide'* represents the time elapsed since the 
heavenly bodies were in sucn position as to form it» and indudes 
both the time in forming the tide, as well as that during which 
it has been rolling about at sea. At places where the tioes are. 
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for inBtancey two or two-and-a-half days old, the hiffhest spring- 
tides occur two and two-and-a-half days req^ectivdy after new 
and full moon. 

Enough has been said to impress the necessity of great caution 
being used as to the presumed cause of the tidal wave on any 

Ext of the ^lobe, and to show that there is a vast difference 
tween the tidal wave in reality and in theory. 

Professor Airy treats the tide from its formation under the 
attractive forces^ as a wave, using the horizontal current as the 
basis of the calculations, the same as La Place, who instead of 
taking as primary cause the tendency of the water to rise under 
the attractive forces, took the horizontal movement of the water, 
and considered the rise due to the meeting of two horizontal 
ciurents under the sun or moon. 

This movement is caused by the tendency which all the water 
between E and A, and E' and A, Fig. 121, has to move towards 
A, and all that between E and A', and E' and A', to move 
towards A', beinc the resultant force of the combined attractions 
of the moon and of the earth. This theory represents the tide 
from its first formation as the tidal wave subject in motion and 
magnitude to fixed laws, after it has become mdependent of the 
attraction of heavenly bodies. 



Depth of 
Water 


Length of Wave in feet. 


1 10 


100 


1,000 


10,000 


100,000 


1,000,000 


10,000,000 


in feet 
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Corresponding velocity in feet per second. 




1 


2*26 


5-34. 


6-67 


6-67 


6-67 1 6-67 


6-67 


6-67 


10 


2*26 


716 


16*88 


17-112 


17-93 


17-93 


17-93 


17-93 


100 


2-26 


M6 


22*62 


63*39 


66-67 


66-71 


66-71 


66-71 


1,000 


2*26 


716 


22-62 


71-64 


168-83 


179-21 


179-33 


179-33 


10,000 


2*26 


716 


22-62 


71-64. 


226-24 


633-90 


666-72 


667-10 


100,000 


2-26 


7-16 


22-62 


71-64 


226-24 


716-43 


1688-3 


17921 



From which it appears tiiai^ 

Ist. When the length of wave is not greater than the depth of water, the 
velocity depends (sensibly) only on its length, and is proportionate to the 
square root of its length. 

8nd. When the length of the wave is not less than one thousand times the 
depth of the water, the velocity of the wave depends (sensibly) only on the 
depth, and is ]»op<ntionate to the square root of the depth. It is in fact the 
same as the velocity which a free body would acquire by falling from rest 
through a height eqnal to half the depth of water. 

3rd. For intermediate proportion of length of wave and depth of water, 
the velocity can only be got by t|ie general equation. 
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The wave orurinally piodiieed by tbe aotkm of the sou or moon» may be 
called the Tree Tide Wave. The semi-diiimal tide wave ia of this character, 
and may be taken to have a period of 13 hours 34 minutes ; now by the fore- 
going table we see that a wave prooeeding 10,000,000 feet, will travel with a 
Telocity sensibly independent of ito ien^h; on this prinoiple, therefore, is 
oaloolated the following 

Table far the Semidiurnal Free Tide Wwve. 



Depth of Water 
in feet. 


Velocity of free 

tide wave per 

seoottd, in feet. 


Tjength of free 
tide wave, in 


Spaoe deseribed 
by free tide wave 


miles. 

* 


per hour, in miles. 


1 


6-67 


47-94 


3-86 


4, 


11-34 


95-89 


773 


Id 


17d3 


151-62 


12-28 


20 


26*36 


214-42 


17*29 


40 


36-87 


303-24 


24*46 


60 


48-93 


871*38 


29-96 


80 


60-72 


428*88 


S4r58 


100 


66-71 


479*46 


38-66 


200 


80-20 


678*06 


54-68 


400 


113*42 


958-91 


77-33 


600 


138-91 


1174-4 


94-71 


800 


160-40 


1366-1 


109-36 


1,000 


179-33 


1516-2 


122 27 


2,000 


253-61 


2144-2 


172-92 


3,000 


310-62 


2626-1 


211*78 


4,000 


368-67 


3032-4 


244-66 


6,000 


401-00 


3390-2 


273-41 


efloo 


439-27 


3718*8 


299-60 


7,000 


474-47 


4011*4 


328-60 


8,000 


507-23 


4288-3 


345*84 


9,000 


538-00 


4648*5 


366-82 


10,000 


667-70 


4794-6 


386-66 


20,000 


802-00 


6780-6 


546-82 


30,000 


982-25 


8804-4 


669*71 


40,000 


1134-2 


9589*1 


773-32 


50.000 


1268-1 


10721- 


864-59 


60,000 


13891 


11744- 


94711 



The diurnal and other tidal waves, so far as they are free, may be all con- 
sidered as travelling with the same velocity, but the odumn of lengths of the 
wave must be doubled for the diurnal wave. 

Until lately there was considerable uncertainty as to the 
movement of partides of water in the waves. The wave itself 
inoves forward, but th^ particles of water in it do not move fbr«> 
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ward with the wave, but merely move up and down, or rather, 
nearly so, whilst the wave continuing its identity must have its 
component water constantly changed. 

The oscillatory motion produced in ripples, or waves, by the 
wind blowing on the water, extends but litUe beyond the surface, 
and even in a storm there is but little motion some 1 5 or 20 
feet down. 

If instead of this action of the wind on the surface, we can 
imagine some mechanical means driven down through a depth of 
water, and then pushed forward, there will be an onward move- 
ment imparted to the whole body of water before it ; a wave 
will be raised consisting of the body of water thus disturbed. 
The waves produced by the horizontal force of the wind on the 
surface, come after one another, and the oscillations of the one 
increase the oscillations of the next, and the whole surfieu^ is 
brought into a condition of ripples, or waves, as we so often 
observe. 

But in the second case, that of the mechanical means acting 
with uniform force throughout the depth of water, there is only 
one wave, which travels onward and leaves all tranquil behind it 
This is what Mr. Scott Russell has denominated the great 
primary wave^ or of the first ordeVf the wind-waves of the sea 
being of the second order only. 

In the wave of the first order^ the motion of the particles of 
water is uniform from top to bottom. 

In the wave of the second order, the force and its effects are 
on the sur£Ace, and gradually decrease down the depth of the 
water. 

The following extract is from a report of Mr. Scott Russell to 
the British Association : — 

Thst the velodty of this wave in channels of uniform depth is indq»endeiit 
of the breeuith of the fluid, and equal to the Telocity acquired bj a heavy bodr 
falling freely by gravity through a height equal to half the depth of the flnkC 
reckoned from the top of the wave to the bottom of the channel 

That the velodtv of this primary wave is not alTected by the velocity of 
impulse with wliicn the wave has been originallv generated, neither do its 
form or velocity appear to be derived in any way from the form of the gene- 
rating body. 

This wave has been found to differ from every other species of wave in the 
motion whieh is given to the individual particles of the fluid through which 
the wave is propagated. By the transit of the wave the partides of the fluid 
are raised from their places, transferred forwards in the direction of the motion 
of the wave, and permanently deposited at rest in a new place at a conside- 
rable distance from their onginal position. There is no retrogradation, no 
oscillation ; the motion is all in the same direction, and the extent of the trans- 
ference is equal throughout the whole depth. Hence this wave bdiit be deserip. 
tively designated XHi eniAT pbixabt wavi or teah slation. The motion of 
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translation commences when the anterior surface of the wave is vertically over 
a given series of particles, it increases in velocity until the crest of the wave 
has come to be vertically above them, and from this moment the motion of 
translation is retarded, and the particles are left in a condition of perfect rest, 
at the instant when the posterior surface of the wave has terminated its transit 
tlurough the vertical plane in which they lie. This phenomenon has been 
verified up to depths of five feet. 

That the elementary form of the wave is cycloidal ; when the height of the 
wave is small in proportion to its length, the curve is the prolate cycloid, and 
as the height of the wave increases, tne form approaches that of the common 
cvcloid, becoming more and more cusped untu at last it becomes exactly 
that of the common cycloid with a casped summit; and if by any means 
the height be increased beyond this, the curve becomes the curtate cycloid, 
the summit assumes a form of unstable equilibrium, the summit totters, and 
falling over on one side forms a crested wave, or breaking surge. 

That in the rectanfi:ular channel the velocity is that of gravity due to half 
the depth. In the sloping or triangular channel the velocity is that due to 
one-third of the greatest depth. In a parabolic channel the velocity is that 
due to three-eighths or three tenths or the greatest depth, according as the 
channel is convex or concave; and fiuallv that the velocity of the great primary 
wave of translation of a fluid is that due to gravity actmg thr3ugh a height 
equal to the depth of the centre of gravity of the transverse section of the 
channel below the surface of the fluid. 

The height of a wave may be indefinitely increased by propagation into a 
channel which becomes narrower in the form of a wedge, the mcreased height 
being nearly in the inverse ratio of the square root of the breadth. 

If waves be propagated in a diannel wnose depth diminishes uniformly, the 
waves will break when their height above the surface of the level fluid becomes 
equal to the depth at the bottom below the surface. 

The great waves of translation are reflected from surfaces at right angles 
to the direction of their motion without suffering any change but that of 
direction. 

The great primary waves of translation cross each other without change of 
any kind, in the same manner as the small osciUations produced on the simace 
of a pool by a falling stone. 

The WAVES OF THE SEA are not of the first order — ^they belong to the second 
or oscillatory order of waves — thev are partial displacements at the surface, 
which do not extend to considerable depths, and are therefore totally different 
in character from the great waves of translation, in which the motion of dis- 
placement of the particles is uniform to the greatest depth. The displacement 
of the particles of the fluid in the waves of the sea is greatest at the surface, 
and diminishes rapidly. There are generally on the surface of the sea several 
coexistent classes of oscillations of varying direction and magnitude, which 
by their union give the surface an appearance of irregularity which does not 
exist in nature. 

When waves of the sea approach a shore, or come into shallow water, 
they become waves of translation, and obeying the laws already mentioned, 
always break when the depth of the water is not greater than their height 
above the level. 

A tidal bore is formed when the water is so shallow at low water that the 
first waves of flood tide move with a velocity so much less than that due to the 
succeeding part of the tidal wave as to be overtaken by the subsequent waves, 
or wherever the tide rises so rapidly, and the water on the shore or in the river 
is so shallow that the height of the first wave of the tide is greater than the 

P 
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deptli of the fluid at that p^laoe. Hence in deep vater vessels are safe from 
the waves of rivers, which injure those on the snore. 

The identity of the tide wave and of the great wave of translation, show 
the nature of certain variations in the establishment of ports situated on tidal 
rivers. Anv change in the depth of the rivers produces a corresponding 
ohanffe on tne interval between the moon's transit and the high water imme- 
diately succeedmi^. It appears from the observations in this report, that the 
mean time of hign water has been rendered 37 minutes earlier than formerly 
by deepening a portion of about 12 miles in the channel of a tidal river, so 
that a tide wave which formerly travelled at the rate of 10 miles an hour, now 
travels at the rate of nearly 15 miles an hour. 

It also appears that a large wave or a wave of high water of spring tides 
travels faster than a wave of nigh water of neap tides, showing that there is a 
Tiuiation on the establishment, or on the interval between the moon's transit 
and the succeeding high water, due to the depth of the fluid at high water, 
and which shonl(^ of course, enter as an element into the calculation of tide 
tables for an inland port derived from those of a port on the sea shore. The 
variation of the interval will vary with the square root of mean depth of the 
channel at high water. 

The report suggests that " these results give us principles, 1st, for the con- 
struction of canab ; 2nd, for the navi^tion of canals ; 3rd, for the improve- 
ment of tidal rivers ; 4th, for the navigation of tidal rivet's ; 5th, for the im- 
provement of tide tables. 

Tlie following experiments were made for the purpose of determining 
whether the velocity of the so called great primary wave were not affected by 
the initial velocity given to the fluid at its generation by the moving body. 
The velocity of genesis, or of the vessel by whose displacement the elevation of 
fluid was produosd, is given in miles per hour, and. the time occupied by the 
wave in describing 700 feet is given in seconds. 



Vdooity of 


genesis. 


[!•) 


5 miles an hour 


H 


8 


»9 




10 


•> 


\4 


7 


» 


6.) 


7 


l> 


6. 


4 


99 



Space described 
by the wave. 


Interval of time. 


700 feet 


62* seconds 


700 „ 


61- „ 


700 „ 


61- „ 


700 „ 


62- „ 


700 „ 


62- „ 


700 ., 


61-6 „ 



From this it is manifest that the velocity of the propagation of the wave 
does not vary with the velocity of its genesis. 

To determine whether the height of the wave produced any variation in its 
velocity, the following experiments were made :— 

6-0 inches 700 feet 61'50 seconds. 

5-0 „ 700 „ 6176 

3-5 „ 700 „ 62-50 „ 

2-0 „ 700 „ 63-50 

It appears from these examples that, in a given reservoir of fluid, the higher 
wave moves more rapidly than the lower; and it was afterwards found that the 
increase in height was equivalent in its eSect on the velocity to an equal addi- 
tion to the depth of the fluid in the reservoir. 

To determine whether the depth of the fluid affected the velocity of the 




THE TIDAL WAVE. 



211 



wave, the following experiments were made in the same ohannel filled to diffe- 
rent depths : — 

Depth of fluid. Space described. Velocity of wave. 

(11.) 5*6 feet 486' feet 9*694 mil^ an hour. 

(12.) 3-4 „ 150- „ 7-086 

The former of these observations is exclosiye of the height of the ware, and 
adding six inches to the depth of the fluid in this case, the height of the wave 
being already added to the depth in (12), we find that the velocities are nearly 
proportional to the souare roots of the depths, and are nearly equal to the 
velocities that would oe acquired by a heavy body in falling through heights 
equal to half the depth of the fluid. 

In the last case the ohannel was rectangular, and consequently the depth of 
the fluid was uniform across the whole depth of the channel ; it was next of 
imnortance to ascertain what law held in those cases where the depth dimi- 
nished towards the edges of the channel For this purpose two ohanneb wen 
selected having the greatest depths in their middle, and diminishing towards 
the sides. The following are the results :-^ 



Greatest depth in^the c„«^^ ^«««^u^^ 
middle of the chailnel. ^P*^ described. 

(13.) 6*5 feet 
(14.) 40 „ 



1000 feet 
820 „ 



Velocity of wave. 

7*84 miles an hour 
609 



In these instances the diminished depth at the sides has diminished the 
velocity of the wave below that due to the greatest depth in a ratio in the first 
example nearly of 9*5 to 7*8, and in the second of 7' to 6*. See Experiments 
(11) and (12). 

The following three experiments are instructiye as having been made on 
channels in which the maximum depth was nearly the same in all ; but in (15) 
the depth remained constant to the side which was vertical, in (16) the sides 
had a slope of nearlv 20°, and in (17) a slope of nearly 40^, so as to diminish 
the depth towards the sides. 




Maximum 
depth. 
5*6 feet 
6-5 
6-5 



99 



M 



Form of 

Rectangular 
Slope of 20° 
Slope of 40° 



Space 
described. 
486 feet 
2038 
1000 



M 



l> 



Velocity. 

9*59 miles 

8-83 

7-84 



>9 



From these it is manifest that the depth of the channel, while it modifies the 
depth of the fluid, affects the velocity of the wave. It was not found that the 
breadth of the channel produced any similar effect. 

The report contained some experiments made on the river Clyde. The 
stations extended from the Bromielaw to Fort Glasgow. 



Diff. of level at. H.W. Diff. at L.W. 



Station I.Glasgow 10*1 inches.^ 

Station II. 91 

Station III. Clyde Bank 7*0 

Stetion rV. 61 

Station V. Bowling 5*2 

Station VI. 2*2 
Station VII. Fort Glasgow 0*0 



99 



99 



f> 



» 









P 2 



^ S3 inches. 
31 

27 
25 
12 

6 





II 



II 



II 



II 



II 



H.W. time. 

83 minutes. 

76 

61 

43 

24 

6 








II 



II 
II 



99 



>^*»' 



5* 
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TIDES OF THE BRITISH SEAS. 



Prom a laborious discussion of the observations, it appeared that the 
wave of high water travelled 



From IX. to VIII. 

From VIII. to VII. 

From VII. to VI. 

From VI. to V. 

From V. to IV. 

From IV. to III. 

From III. to II. 

From II. to I. 



in 
in 
in 6 
in 18 
in 19 
in 18 
in 15 
in 7 



6 min. 
9 



14 miles') 



f> 



» 



9> 



tt 



>> 



if 



G 
3-75 
4-25 
2-5 
2-5 
2-75 
2-76 



} 



80 miles an hour. 

20 

81 

15 



» 



»» 



9i 



99 



» 



9> 



These results show that in the deep water being between 40 and 60 fathoms, 
or between 240 and 360 feet deep, the wave travels at the enormous rate of 80 
miles an hour ; that on reaching water from 20 to 30 feet deep, the veLocity 
is diminished to 20 miles an hour ; and from V. to 11. where the river is wide, 
shelving, and shallow, the velocity of the tide wave is retarded to 8 miles an 
hour ; while on ascending further up, where the banks are nearljr upright, and 
the contracted width gives an increase of mean depth, the velocity has a cor- 
responding increase to 16 miles an hour. 

It appeared by theplans that the avera^ depth of the river from I. to III. 
was 15 feet. From III. to V. the river is wide and shallow, spreading over 
extensive banks, where there are not 2 feet of water, for which we may take 
a third part of the greatest as a mean depth, or about 5 feet. In the division 
from V. to Vn., both depth and breadth increase very rapidly to about 33 
and 37 ; taking 25 feet as the mean depth, we have 



Velocities of the Tide 
wave as observed. 
80 miles an hour. ' 
20 
8-1 
15 






99 



•* 



«» 



Mean depth. 

240*-360 feet. 
25 
6 
15 



Velocity due to depth. 
60—80 miles. 



9> 



19-3 

8-6 

14-9 



•y 

99 



The force of attraction haying commenced its operations with- 
out having time, through change of position, to complete, a wave 
of the fira^ order has been raised. This wave moves onwards 
over the sea, setting in motion the water before it, and leaving 
all still again behind. This wave is the great prvmary wave, 
raised at some distant period by the force of attraction on the 
sea, and moving onwards towards that point of the earth's surface 
the nearest to the moon, as directly as the obstructions formed 
by the land will admit of. 

Professor Airy has calculated the original height of the tidal 
wave at two feet for spring tides, and mne inches for the neaps, 
which has been consiaered very nearly correct for the open sea ; 
but terrestrial influences, more particularly tiie bed of the sea as 
it approaches the land, give in the enlarged dimensions it attains 
on our shores. 

Tides of the British Seas. — On this subject nothing can be 
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more valuable than the observations of Admiral Beechey, and 
tbe following remarks are from his reports in the Philosophical 
Transactions, March, 1848, and May, 1861. 

Tides of the Irish Sea. — Up to the period of these observations the set of 
the tides in the Irish Sea had been ^eatly, misunderstood, owing to the asso- 
ciation of the turn of the stream with the rise and fall of the water on the 
shore ; and it was generally understood that as Holyhead was three hours 
later in its tides thaun places at the entrance of the channel, a yessel starting 
with the first of the flood would carry nine hours' tide in her favour in her 
run up channel, and vice versa. 

This was an error sufficientlv great in itself, but it was liable 
to be increased by an entire ignorance as to the time when a 
vessel would take any particular tide ; for the times of high 
water by the shore were very various on different sides of the 
channel. 

Tlie observations have shown that, notwithstanding the variety of times of 
high water throughout the channel, the turn of the stream is simultaneous ; 
that the northern and southern streams in both channeb commence and end 
in all parts (practically speaking) at the same time, and that time happens to 
correspond with the time of high and low water on the shore at Morecambe 
Bay, an estuary rendered remarkable, as being the point where the opposite 
tides coming round the extremities of Ireland fina&y meet. So that it is 
necessary omy to know the times of high and low water at Morecambe Bay 
to determine the hour when the stream of either tide will commence or termi- 
nate. 

By these observations, 

Taken in connexion with the very valuable series of observations which were 
carried round Ireland by the Ordnance at the suggestion of Professor Airy, we 
are made acquainted with several curious facts : — ^First, that whilst it is high 
water at one end of the channel, it is low water at the other ; that the same 
stream makes both high and low water at the same time ; that there are two 
spots in the channel^ in one of which the stream runs with considerable velocity 
without the water either rising or falling, and in the other, that the water rises 
and falls from 16 to 20 feet without having any visible horizontal motion of its 
surface ; and that during the first half of the flowing, and last half of the ebbing 
tide- wave, the stream in the south channel runs in a contrary direction to the 
wave, and goes up an ascent of about one foot in four and a-half miles. 

Plate II.* shows the lines of direction of the stream with the rate of the 
tide at its greatest velocity on the day of syzygy, all being reduced to the 
same standard. * 

An inspection of the Plate will show that the tide enters the Irish Sea 
by two channels ; of which Camsore Point and Pembroke are the limits of 
the southern one, and Rathlin and the Moll of Kintire the boundaries of the 
northern. 

The stream in the southern channel (as before stated) has been ascertained 
to move simultaneously in one vast current throughout ; running six hours 



^ For plans, see Admiral Beechey's Charts iti the Fhil, Trans. ; in the ab- 
sence of these, consult the Admiralty or the Ordnance maps« 
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nearly each way, at an average rate of from two to three knots per hour at 
the height of the springs, inoreasing to fonr knots and npwards near the banks 
and at the pitch of the headlands ; its timss of slack water corresponding suf- 
ficiently near for all practical purposes, with the times of high and low water 
for ike da^ at MoreambeBay, or more correctly at Fldetwooi, which is twelve 
minutes earlier than LiretpooL 

The central portUm of tine stream of Jtood or ingoing stream runs nearly in a 
line from a point midway between the Tuskar and the Bishops, to one six 
miles due west of Holyhead ; beyond which it begins to exjpana eastward and 
westward, but its main body preserves its direction straight forward for the 
Calf of Man, which it passes to the eastward with increased velocity as far 
as Langness Point, and then at a more moderate rate on towards Maugbold 
Head. Here it is arrested by the flood or southern stream from the north 
channel coming round the Point of Avre, and is first swayed round to the 
eastward by it, and then goes on with it at an easy rate direct for More- 
cambe Bay. 

The outer portions of the stream are necessarily deflected from the conne 
of the great body of the water by the impediments of banks on the Irish 
side of the Chamiel, and by the tortuous form of the coast on the Welsh. 
The eastern portion passing linney Head rushes with great rapidity between 
the Smalls, Qrasshoun, and Milford Haven, towards the Bisnops, which it 
passes at a rate of between four and five knots ; sets sharply round those 
rocks in an E.N.E. diroction, right over the Bass bank, and into Cardigan 
Bay ; makes the circuit of that bay ; and sets out again towards Bardsey at 
the other extremity of it ; then sweeping to the N. by W. past the island and 
through the sound, it gradually takes the course of the shore, round Caer- 
narvon Bay, filling the Menai Strait as far as Ban^r; but the stream still 
continuinj^ outside towards the South Stack, which it rounds, setting towards 
the Skemes at a rate of upwards of four knots ; and finallv, turns sharply 
round those rocks for Liverpool and Morecambe Bay ; completinf in its way 
the high water in the Menai, and fiUing the Dee, Mersey, ana Eibble. 

The western portion of the stream, after passing the Saltee, nms nearlv in 
the direction of the Tuskar, sets sharply round it, and then takes a N.E. f N. 
direction, setting fair along the coast, but over the banks skirting the shore. 
Abreast of the Arklow is situated that remarkable spot in the Insh Channel, 
wheie the tide neither rises nor falls. The stream, notwithstanding, sweeps 
pMt it at the rate of four knots at the springs, and reaches the parallel of 
Wioklow Head. Here it encounters an extensive bank recently known ; and 
whilst the outer portion takes the circuit of the bank, the inner sweeps over 
it, occasioning an overfall and strong rippling all round the edge, by which 
the bank may generaUy be discovered; beyond this point the streams Tinite 
and fiow on towards Howth and Lambay, growing jBiradually weaker as thev 
proceed, until they ultimately expend themselves m a large space of still 
water situated between the Isle of Man and Carlingford, where occurs the 
phenomenon of the water rising and falling without having any perceptible 
stream. This space of Stillwater is marked oy a bottom of blue mud. 

In the north channel the stream enters between the Mull of Kintire and 
Eathhn eimmUaneonslg with that passing the Tuskar into the southern channel, 
but flows in the contrary direction. It runs at the rate of three knots at the 
springs, increasing to five knots near the Mull, and to four near Torr Head on 
the M>posite side of the channel. The eastern branch of this stream turns 
round the Mull towards Ailsa and the Clyde, a portion passing round Sanda 
up Kilbrannin Sound and LocLFyne. 

The main body sweeps to S. by E., taking nearly the general direction of 
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the channel, but pressing more heavily on the Wigtownshire Qoast ; oif which 
it ha» scooped out a remarkable ditch, upwards of twenty miles long by abont 
a mile only in width, in which the depth is from 400 to 600 feet greater 
than that of the genend level of the bottom about it. Near the Mull of 
Ghdloway the stream increases in Telocity to fiye knots, the eastern portion 
turns sharply round the promontory towards the Solway, and splits off St. 
Bee's Head; one portion running up the Solway, and the other towards More- 
cambe Bay. 

The central portion from a midway between the MuU of Galloway and the 
Gopeland Islands, presses on towards the northern half of the Isle of Man, 
ana while one portion of it flows toward the Point of Ayre, the other makes 
for Contrary Head, and is there turned back at a right angle nearly to its 
early course. Passing Jurby it reunites with the other portion of the stream^ 
and they jointly rusli with a rapidity of from four to five knots round the 
Point of Ayre, and directly across aU the banks lying off there, and catching 
lip the stream from the south channel off Maughold Head, they hurry on 
together towards that great point of union, Morccambe 'Btxj. This bay, the 
grand receptacle of the streams from both channels, is notorious for its huge 
banks of sand heaped up in terrible array against the mariner unacquainted 
with its locality, and also remarkable for a deep channel scoured out by the 
stream, and known as the Lune Deep, which, to the wary navigator, is the great 
hidden beacon of his safety, and serves him, alike in fog or in sunshine, as a 
guide to his position, and to a harbour of safety in case of need. 

We have now only to speak of the western limit of the stream, which we 
left off Torr Head running at a rate of four knots off the pitch of the Point. 
Hence it strikes directly towards the Maidens, boiling over the Highlander 
and BusscU rocks, and other reefs in the vicinity of that dangerous group ; 
and takes the direction of the coast again from Muck Island to Black Head, 
at the entrance of the Lough of Belfast, which it fills. 

The portion of the stream which sets up the Lough splits again off Grev 
Point ; one portiou flowing up towards Garmovle, while the other bends bacK 
along the shore of Bangor, Grimsport, ana Orlock, and blends with the 
general stream which has come on from the Maidens and Black Head, and 
passes with it through the sounds of the Gopeland Islands. Hence it pro- 
ceeds along the coast, brushes the South rock, and runs on towards St. 
John's Point ; off which, the stream, like that coining from the sonthward, 
expends itself in a large space of still water, which remains undisturbed 
altnough pressed upon by streams from various quarters. 

Such is a general description of the streams in both channels which attend 
i]Mdflomng of the water, or which, for the purpose of distinction, we may de- 
signate the ingoing stream. 

The ebbing or outgoing streams do not materially differ from the reverse 
of these, except that in the southern channel they press rather more over 
towards the Irish coast. 

This is a general idea of the course of the streams throughout the Irish 
Sea, represented in Plate U. ; but besides these there are (as usual) at all the 
points and headlands, when abrupt, counter streams or eddies beginning at 
about two hours after the offing stream, increasing with the strength of the 
tide, and occasioning races ana overfalls at the p&ces marked on the chart. 
In the direction of the offing stream there is as little variation of the current 
at the different hours of tide as will be met with in any sea of similar ex* 
tent, and indeed it is only with the slackening of the tide that the variations 
occur, which happens from about forty minutes before to about forty minutes 
after high or low water at Morccambe Bay^ 
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In the Irish Sea it was foand that the place of the waUr at ike kalf-iide 
interval did not correspond with that of a mark at ike half-range of the ware, 
but that it was always oelow it, showing that the npper half of the wave rose 
and fell more rapidly than the lower. It was also found that the carve of the 
Irish Sea tide did not correspond with that of the Bristol Channel tide ; that 
neither followed the law of the sines to corresponding arcs of tidal intervals. 

In comiexion with the range of tide is that of the apparent mean elevation 
of the water. All the observations confirm the remark of Professor Airy 
(Philosophical Trafuaclions, 1845, Part I. p. 31), viz., that this mean level is 
higher at the springs than at the neaps. The mean place of the water, how- 
ever, for an entire lunation, during the summer months at least, is tolerably 
constant, and affords a fair standard to which the reductions used in our 
nautical surveys may be referred in the event of the gauge being removed by 
which the observations were made ; annexed is the result of observations made 
at Holyhead during nearly four entire years. 

Apparent Mean Place of the Water, at Holyhead. 
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All the tides of the Irish Sea partake of the nature of river tides in having 
their ebb longer than their flood, except those of Tuskar and Holyhead, which 
are the reverse. The respective internals arc given in the order in which the 
places occur. 

Duration of Tide. 

Rising. Falling. 

h. ro. h. m. 

Tuskar 6 27 ... C 8 

Bardsey 6 24 ... G 52 

Holyhead C 18 ... 6 

Peel, Isle of Man 6 ... 6 16 

Ramsay, Isle of Man... 5 4S ... 6 35 

Fleetwood 5 46 ... 6 39 
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All these are the mean of many observations. 

The change at Holyhead is remarkable, and if we follow the durations npto 
Bamsay, we shall see that Peel also, an intermediate station, is affected. The 
cause of this may possibly be connected with the effort of the water to main- 
tain its level; for m projecting the curve of the wave on paper, this peculiarity, 
in connexion with the very short flood of Bardsey, has the effect of reducing 
the curve from what it would assume were Holyhead similarly influenced with 
other places. 

It seemed evident that the water was influenced by forces acting in opposi- 
tion nearlv to each other, and that thereVas a tide in the offing whose streams 
of ebb and flood did not correspond with those of the channels. By applying 
this idea first to the English Channel, the observations responded to it ; ana 
canning it to the offing of the Irish Sea, and considering that channel as com- 
prising the Bristol Channel within its limits, as the English Channel does the 
Gulf of St. Malo, the idea was confirmed so far as the observations themselves 
extended. This offing stream appears to be of great extent, setting to the 
north and south idong the coast of Biscay and the British Isles, running six 
hours nearly each way, and exercising an influence with more or less effect 
over all the waters of the channels and estuaries it passes in its progress, 
diverting their courses, and in some cases, when the streams oppose, wholly 
overpowering or reversing their direction. From the connexion of the observa- 
tions of the Irish Sea with those of the British Channel, it is clear that the 
whole of the ebb or outing stream of the eastern half of the Irish Channel 
runs into the Bristol Channel, and forms the flood or ingoing tide of the 
northern half of that ereat estuary ; and vice versa the ebb or outgoing stream 
from the northern half of the Bristol Channel, forms the flood of the Insh Sea, 
each tide passing to and fro with great rapidity round St. Qowan's Head. The 
centre ana southern half of the Bristol Cnannel receive their waters from the 
offinK And the English Channel, the coast stream bringing the waters up from 
the Jjand's End and the English Channel, as the stream on the northern half 
did those of the Irish Channel, and vice versa. 

The great offing stream at the entrance of the English Channel extends its 
influence as far up as Cape La Hague, beyond whidi, owing perhaps to the 
sudden contraction which there occurs in tne Channel, the stream suffers no 
interruption, but, as in the Irish Sea, passes up and down the Channel six 
hours nearly each way as far as a line joining Dungeness and Cape Grisnez, 
the apparent virtual head of the tidal channel. Here the influence of the North 
Sea stream begins to be felt, and here, as in the Irish Channel, again the time 
of high and low water at the virtual head of the tide regulates the turn of the up 
and down stream alona the whole channel as far 'as the contraction. Beyond 
this the offing stream being governed by its own high water, and that occurring 
at about six hours earlier than that of the head of the channel, the offing 
stream either butts a^nst the returning streams from the channels, or with- 
drawing its water, sohcits their streams and thus alters their course, making 
them for the most part set across the Channel in curves more or less bent as 
the spot is more or less removed from the offing ; so that there seems to be but 
one hour's tide each way that passes clean down the Channel from Beachy 
Head to Scilly, and round the Land's End to Bristol. The outffoing stream 
from Beachy Head encounters the ingoing stream of the offing tide somewhere 
about the Start Point, and both are turned down into the great Gulf of St. 
Malo, wliich seems to receive the accumulated waters of these opposite tides. 

Whether or not this influx is instrumental in raising the water here to the 
extraordinary height of forty-seven feet perpendicular range at springs, or 
whether it be owing to its form and position as regards the advancing tide 
wave, is a problem ; but it is a coincidence that cannot escape observation, 
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that this spot, like the Bristol Channei, is the oonoentration of streams from 
opposite Gurections; that it has its waters raised to the same extraordinary 
etevation nearly to a foot, and that its tune of hi^ water is nearly the same. 

On the chan^ of tide^ this great bay, like thelSristol Channel, as it recciTcd 
so it returns its waters in opposite ourections, the tide splitting somewh^e 
between Aldemey and the Dtart; but here especially, as also in a similar 
locality in the Irish Channel, we are in want of oDseryations. 

In tracing these streams, it was impossible not to be impressed with t-he 
many coincidences which assimilate the tidal phenomena of the two channels, 
so much so as to render it probable that they are subjected to precisely the 
same laws. 

Considering the Irish Channel to extend from a line joining the Land's 
^ End and Cape Clear to the end of the tidal flow, which is either at Morecambe 
' Bay or Peel, in the Isle of Man ; and the English Channel as reaching from a 
line oonnecting¥shant with the Land's End, to the end of its tidal flow, or to 
Dongeness. We shaU then see that the English Channel,' from its outer limit 
to the end of its tidal stream, is 263 geographical miles, and that the Irish 
Channel, from its western limit to the end of its tidal stream, is nearly the 
same ; being about 265 ^graphical miles. In both channels the stream enters 
from the south-west, ana flows up until stopped by a counter stream. In both 
channels there is a contraction of the strait almost midway, by the promon- 
tories of Cape La Hague in one instance, and St. David's Head in the other, 
and at very nearly the same distances from the entrance. This contraction is, 
in both cases, the commencement of the regular stream, which flows six hours 
nearly each way, the turn of the stream throughout coinciding with the time$ of 
high and low water at the virtual head of the channel^ situate in both cas« 
about 145 miles aboTC the contraction, and that time being yery nearly tlie 
same, viz., lOh. 50m. at full and change ; below this contraction, away from 
the land, the stream in both cases varies its direction nearly every hour, accord- 
ing to the force exerted upon it by the opposing offing stream. 

In both cases, between the contraction and the soutliem horn of the channel, 
there is situated a deep estuary, the Bristol Channel and the Bay of St. Malo, 
in which the times of high water coincide, sOl where, in both cases, the 
opposing streams meeting in the channel pour their waters into these ffulfs, 
and where the tides in both places rise to the extraordinary elevation of forty- 
seven feet at the syzvgies. From the Land's End to the meeting of these 
streams in the Bristol Channel is seventy-five miles, and from Brest to the 
meeting of the streams off Guernsey the same. A still further coincidence is 
apparent between the phenomena of these channels. In one, at a place called 
Courtown, a little above the contraction of the strait, and at 150 miles from 
Cape Clear (its entrance), there is scarcely any rise or fall of the water ; and 
in the other channel (about Swanage), situated also a little above the contrac- 
tion of the strait, and just 150 miles from the Land's End, there is only five 
feet rise of the water at a spring range. In both cases these points ofsmall 
ran£e of tide are situated on the opposite side of the channel to that of the 
hi^ elevation above-mentioned, and in both cases these spots are the node of 
the tide-wave (on either side of which the times of high and low water are 
reversed). And again we trace a similarity in an increased 'rise of the water 
on the south-east sides of both channels abreast of the virtual head of the 
tide : at Liverpool in one case, where the range amounts to thirty-two feet, 
and at Cayeux in the other, where it is thirty-four feet. 

It may also be shown that the progress of the tide-wave alon^ the side of 
the channels opposite the node is not very dissimilar. Reckoning in both cases 
from the line which we have before drawn, as the outer limits of the channel^ 
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we find tbat in the English Channel, from this line to Cfaerboiurg, opposite the 
small range of tide^— • 

Miles 
per hour. 

The wave travels 50^ 

In the Irish Channel, from a similar line to Bardsey, 

it travels 52 

From Cherbourg to Havre 32 

From Bardsey to Holyhead 16 

From Holyhead to end of tide . . .78 

Dieppe to the end of the tide . . •76, 

These niunbera are given roughly, merely for the purpose of showing the general 
respmblauc^ in the character and motion of the wave : and it is probable a 
more judicious selection of positions and numbers would give a still nearer 
coinciaence. Besides whidi we are somewhat uncertain as to the establishment 
at our startine-point. As a comparison, however, the numbers run fairlv 
together. In both cases the ret^dation of the tide-wave about mid-channef, 
and the great elongation of the wave towards the end of the strait are remark- 
able, especially in the Irish Sea. 

Lastlv, we mav notice a ainmilar coincidence in more respects than one, 
indeed, oetween tne situation of the node placed by Professor Whewell in the 
North Sea, and a corresponding point of small range and inversion of tide at 
the back of Xintire. The node or ninge of the tide in the North Sea is curiously 
enough situated as nearly as possible at iAe same distance from the head of the 
tide off DungenesSf as the node at or near Sioana^e is on the oj^posite side of it ; 
and tne node at Xintire communicated by Captain Robinson, is about the same 
distance from the meeting of the tide in the Irish Sea as the North Sea node 
is from the meeting of the waters off Duneeness, and is similarly situated with 
respect to the node of Courtown as the North Sea node is mih regard to Steanage, 

^•^port of further Observations upon the Tidal Streams of the North Sea and 
English Channel, with Remarks upon the Laws bg which those Streams 
appear to be governed,* By Captain Beechey, KN. 

The method pursued in making these observations was to anchor the vessel 
at each of the stations for twelve hours and upwards, and to observe the direc- 
tion of the tide, flood and ebb, every half hour. The rate of the stream, in 
addition to the usual method by the common log, was detected by current 
logs, constructed for the purpose by Mr. Massey, and which registered feet ; 
and that it might be ascertained whether the stream was confined to the sur* 
^ face or exteniSd to the depth of a vessel's hull in the water, another of these 
logs was occasionallv sunk twelve feet, and r^stered simultaneously with the 
one which was two feet beneath the surface. 

The time of slack water, as well as the times of the cessation and commence- 
ment of the stream, were noted as closely as such observations are capable of 
being made; and to render the times more certain, I have taken the mean in- 
teryu between the time of the cessation of one stream and the time of com* 
mencement of the next. 

Instead of these channels havinff, as has been hitherto supposed, a stream 
which turns progressively later as tne tide advances up the strait, these obser- 
vations have shown that the progressive changes of stream cea.se at a certain 
point near the mouth of the Channel, and that beyond that spot there is a tide 
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peculiar to the channel, and quite distinct from that of the seas on either side 
of it ; so that there may be said to be two distinct streams on each aide of the 
Strait of Dover, — ^the stream of the Ocean or outer stream, and the stream of 
the Channel, or that which is contained between the Oceanic stream and the 
Strait of Dover. These streams are always running in contrary directions^ and 
in the North Sea meet between the Texel and the estuair of Lynn ; and in 
the English Channel between the Start and the Gulf of St. Malo. 

In the locality where these streams meet, the tide is ever varying its direc- 
tion according as the strength of one stream prevails over that of the other, 
giving to the water a rotatory motion, and scarcely admitting of any interval 
of slackwater, whilst in the spaces between these rotatory tides and the point 
of meeting of the tides in tne Strait of Dover, the stream is free from aJl 
rotatoiy motion, and sets steadily throughout the tide in a direction toward* 
Dover, while the water is rising there, and awa^ from it while it is falUng at 
that place. 

I nave designated the last-mentioned the true ChanMl stream, and its extent 
is, as nearlv as it can be measured, 180 miles in either direction from the point 
of union of the tides in the Strait of Dover to the region of rotatgry tides off 
Lynn, and off the Start and St. Malo. 

As the true Channel streams are always running in opposite courses, there 
is necessarily a point where the;^ meet and separate, and this occurs in the 
Strait of Dover ; but in this strait the stream, although it first obeys one tide 
and then the other, does not slack with the Channel streams, but is found to 
be still running at high and low water on the shore, at which time those 
streams are at rest, so that t)ie Strait of Dover never has slack water throug^h- 
out its whole extent at anytime. I have in consequence called this **an inter- 
mediate tide,* 

The limits of neither of these streams appear to be stationary, but ramfe to 
and fro as the tide rises and falls at Dover, travelling to the eastwards on bo4A 
sides, and at high and low water suddenly shifting sixty miles to the westward 
to re-conimence their easterly courses with the next tide ; and although so £ar 
apart, they possess the remarkable peculiarity of shifting together; so that the 
Channel streams preserve as nearly as possible the same relative (timensions. 

In tlie Strait of Dover this line of meeting and of separation oscillates be- 
tween Beachy Head and the North Foreland, a dLstance of about sixty miles. 
When the water on the shore at Dover bedns to faU, a separation of the 
Channel streams begins off Beachy Head. As tne fall continues, this line creeps 
to the eastward. At two hours after high water it has reached Hastings ; at 
three hours, Eye ; and thus it travels on until at low water, by the shore, it 
has nearly arrived at the North Foreland on one side of the strait, and at Dun- 
kirk on tne other. At this time the Channel streams on both sides slack, but 
in that portion which I call the "intermediate stream" in the Strait of Dover, 
the water is still running to the westward ; and when the new channel streams 
make as the water nscs on the shore, this intermediate point is found to unite 
with, or to oppose one or the other of these streams, according as it was before 
the reverse ; so that, as before mentioned, the line of meeting at low water 
appears off Beachy Head to recommelice its easterly course. !mis intermediate 
stream forms a remarkable feature in the tidal system of the Channel ; — ^it is 
well established, as the line of meeting and of separation occupies a very 
limited space, and it seems to be entirely due to the contracted K>rm of the 
Channel m this immediate locality, preventing the free escape of the water. 

Captain Bullock, in order to test the point of separation, anchored two 
vessels a mile apart between Beachy Heaa and Dungeness, and found both 
vessels at the same moment to ride with their heads in opposite directions^ in 
obedience to the streams which were then running opposite ways. 
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The Channel stream which I have described as running between the inter- 
mediate stream, and the rotatory or mked streams at the outer extremities of 
the Channel, pursues a steady course along the main trunk of the strait, slacking 
only towards nigh and low water at Dover, when it is preparing to invert its 
course^ and, contrary to the generally received opinion of a progressive slack 
water in a strait having a progressive establishment, this stream has the pecu- 
liarity of slacking throughout its whole extent at nearly the same time, ana this 
time, as was anticipated in my former paper, corresponds nearly with the time 
of liigh and low water on the shore at Dover, the site of the combined wave, 

and of the vertical head of tie tide. 

« « » • « »»« 

It will be seen on a very cursory inspection of the charts which accompany 
this paper, that for a perioa of six nours after high water at Dover, and for five 
hours before that time, the stream maintains a steady direction from and 
towards Dover ; so that any delay which may exist between the change of the 
stream and the time of hi^n water, is shown by these charts alone to be con- 
fined within very narrow limits, but a still closer ajB[reement will be found on 
referring to the observations themselves, especially S we take those which were 
made on board the light vessels at a distance from the shore, which are par- 
ticularly valuable from the circumstance of their being spread over intervals of 
several days at each station. 

Referring, then, to these observations, and taking them in the order in which 
the lisht vessels are placed with respect to the progress of the tide wave, we 
shall nave the intervals between the turn of the stream at those places and the 
time of high water at Dover (the standard) as follows :— 

At Kewarp, L.Y., the stream is slack 22 minutes before Dover. 

At the Cockle, L.V., the stream is slack at the same time as Dover. 

At the Stanford, L.Y., the stream is slack 9 minutes before Dover. 

At two stations nearer Dover, the stream is slack 24 minutes after Dover. 

At the Shipwash, L.Y., the stream is slack 24 minutes after Dover. 

At the Galloper, L.Y., the stream is slack the same time as Dover. 

At the Kentish Knock, L.Y., the stream is slack 9 minutes after Dover. 

Lastly, off the North Foreland, L. Y., the stream is slack same time as Dover. 

To the eastward of 3^ of longitude, the times of slack water get considerably 
later in that part of the channel which lies between the northern limit of the 
Thames and the Texel, and the phase of the stream in all this portion of the 
North Sea appears to be inverted ; the intervals also to get loneer as the Dutch 
coast is approached. The occurrence of this inversion of the phase of the 
stream witn the inversion of the phase of the establishment on the coast of 
Holland, and its position occupying the site of the node of the tide in Professor 
Whewell's diart of cotidal lines, is a coincidence which ought not to be over- 
looked, although I am not able to discover any connexion between the pheno- 
menon, which is evidently the cause of the unusual retardation of the stream 
above-mentioned, and the phenomena of the cotidal chart. 

mm****** 

If, then, we except snch observations as are shown to be due to the disturbance 
from the Texel ti<&, we shall find that in tie whole extent of channel from 
Cromer to the North Foreland, there is not half-an-hour of retardation in the 
time of Black water from the time of high water at Lover, while in the establish' 
ments there is an increase of at least Jive hours. That we may appreciate this 
very small difference of the time of slack water throughout the channel and 
the time of high water at Dover, let us inquire what takes place in parts of the 
North Sea, which exhibit the ordinary phenomena of tides under the influence 
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of the projapressive waye, sucL for instanoe. as are compriaed in the space 
between Kumaird's Head and the estuary of Lynn. There is in this space an 
increase of tidal establishment of five hours, an amount about equal to that 
which exists between Lynn and Dorer. By the Admiralty tide tables it will 
be seen that in this space there are nearly five hours' retaraation in the time 
of slack water in the offing, making at \eaai Aour/or hour in the change of the 
stream with the change of establishment ; whilst in the North Sea, in the same 
change of establishment, there is scarcely half-an-hour difference of time in the 
change of the stream. If we now take the English Channel, we shall find that 
half-way between the Start and Aldemey the stream turns with the high 
water at* Dover. Off Portland, 9 minutes before; off St. Alban's, 3 minutes 
before; between the Isle of Wight and Cape Barfleur, 15 minutes after ; and 
so we run on, the differences yarying /Km 8 minutes one way to an extreme of 
42 minutes the other. In the Baie of la Seine the turn of tne stream is earlier 
in the western part than towards its eastern extremity, but the formation of 
the coast about Cape Barfleur will fully account for this. 

Upon the whole, therefore, jud^nff from the obseryations that haye been 
collected, there seems to be sufficient eyidence to warrant the conclusion* that 
with the exceptions arising from extraneous causes, which are now known, and 
for which an allowance can be made, the streams of the channel turn sufficiently 
near to the times of high water on the shore of *Doyer to be considered as 
simultaneoos, without occasioning any error that can be considered of the 
smallest consequence to shipping.'^ 

With regard to the rotatory motion of the stream in the 
English Channel and the North Sea, Admiral Beechey obeerves 
that there can no longer be any doubt that the rotatory tides are 
the exceptions to the general courses of the stream, and not the 
rule. 

With regard to the time at which the stream attains its maxi- 
mum rate m the Channel, he is of opinion from numerous obser- 
yations, that the stream attains its greatest strength at about 
the time of Judf tide, Doyer, and not^ as supposed, at high and 
low water on shore, 

I haye now only to mention a popular error which still exists with reference 
to the streams of our channels; yiz., a belief in a "tide and half tide" by 
whidi it is understood that the stream runs half a tide longer near the centre 
of the channel than it does near the coast. So general an opinion requires 
substantial proof to inyalidate it, and I must refer once more to the diagrams 
which accompany this report. It will be seen then, that in no {Murt of either 
channel does the change of stream in the centre differ eyen an hour from the 
change of stream, as near the land as a yessel would be safe in nayigating^ 
except in that part of the North Sea which is affected by the tide sweepiiu^ 
round tiie Texel, and then at the most it amounts only to a quarter tide. ^S, 
is not difficult to diaooyer that this error has arisen from the confusion of high 

water on the shore with the time of skck water in tiie offing. 

***** 

" Under ordinary circumstances, such as those which attend the passage of 
a single tide waye up an estuary or deep gulf, or eyen along an open coasti we 
find a progressiye turn of the stream to accompany a progressiye imnreaae of 
establiahment. But in the channeb under discussion the stream is found to 
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turn nearly simultaneously throughout the strait, wholly r^;ardlessof the order 
of its estaolishments, and to reverse with the time at which a wave peculiar to 
such channels is matured. 

This wave, which exercises so singular an influence over the streams of these 

channels is occasioned bv one portion of the Oceanic tide wave of the Atlantic 

passing round the north end of the Britisli Islands, while the other finds its 

. way up the English Channel and meets in the Strait of Dover. In conse- 

3uence of this meeting or opposition, the character of the wave is changed; its 
imensions become diminished just one-half in extent, its rate of travelling is 
reduced a like quantity, and its streams are almost always in opposition to 
those of the outer or parent wave." 



Referring to " Plan 4," he observes : — 

"At y. hours the crests of two waves are seen to be formed a little beyond 
the Deadman on one side and at the Spurn Point on the other, and the foot of 
the wave or hollow which they create is resting at Dover. Following the 
progress of these two crests down the pajge, we find them gradually aj>proaching 
each other and wearing out the depression in advance of them, until between 
Yin. and IX. o'clock the hollow has vanished ; at X. o^dock there is a decided 
convexity of surface, which graduallv increases until at XI. o'clock the crest 
has attamed its zenith, the combined wave is perfected, and it is high water at 
Dover. 

If we now follow the wave as the tide falls, we find the crest to become 
more oblate, and finallj^ to be obliterated without there being any material 
progress of the wave in either direction." 

Keeping in sight some of the principal features on which this 
eminent practical philosopher has observed, it will be seen that 
this meeting of the two waves occurs in both the Irish and British 
Channels, and they have the appearance rather of a stationary 
than a travelling wave, and the great rise of the tide compared 
with the small depth of thQ seas, makes the currents very im- 
portant features. 

There will be a similar result in a wave travelling in a gulf; 
the current will change its direction at half tide at the head of 
the m\i So long as the current is running up, the tide must rise, 
for tnere is no escape for the water; but as soon as the current 
turns, the tide will fall, from the receding of the water. 

Some of the effects caused by the converging forms of a gulf 
may be noticed in the Bristol Channel ; a branch of the tidal 
wave of the Irish Sea is cut off by Pembrokeshire, and is 
diverted up this channel;- for ordinary spring tides, at St 
Qowan's Head, the southern point of Pembrokeshire, the rise is 
24 feet ; at Padstow, in Cornwall, 22 feet ; at Limdy Island, a 
little up the channel, 27 feet ; at Worm's Head, Carmarthen- 
shire, 28 feet ; Swansea Bay, SO feet ; Nash Point, 33 feet ; 
Minehead and Bridgewater loay, 35 feet ; Cardiff, 38 feet ; and 
Portishead, 44 feet 
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Mean Tide Level. — With regard to mean tide level, it is to 
be observed, that this mean tide level is a point half-way between 
high and low water on the coast; the tide is an oscillation 
equally above and below this level. It has been ascertained 
that the level of half tide in the Bristol Channel, where, as 
we have just seen, the range of the tide is so considerable, is 
the same as on the south coast of Devon, where the range is 
1»3 feet ; it has also been ascertained that on the coast of Ireland 
the mean tide level is the same everywhere, though liable, how- 
ever, to be affected by such causes as the winds. 

The reader who is desirous of obtaining knowledge as to the 
tides in the English estuaries and tidal rivers, can refer to Mr. 
Beardmore's hydraulic tables, in which work he will find many 
pages devoted to much valuable and original matter on this very 
interesting and practically useful portion of Marine Surveying. 

We must close this portion of our subject with an extract 
from The Tides, referring to the Indian Ocean. 

We now pass to the west side of the Island of Sumatra. Here, as at 
oar starting-point in the Faoific, we have the equator passing from the land 
to an open ocean, and we might reasonably snspect a new origin for the tide 
wave. 

There are, however, great differences between this region and that of the 
American coast. In the first place, the northern part of the tropical belt lies 
in great measure upon the continent of Asia, so that the moon, when in north 
declination, passes over land, and the formation of a tide wave bv attraction 
would be much obstructed. The southern part is more free, but the extent of 
ocean under the direct influence of the sun and moon is still much less than 
in the Pacific. The circumstances, therefore, are not so favourable for the 
formation of a tide wave by direct attraction. 

On the other hand, this sea, by its geographical position, is much more 
accessible to the tide wave of the Pacific, uian the Pacific is to that of the 
Atlantic ; the southernmost point of Van Dieman's Land being 10 decrees 
further north than Cane Horn, while there are also passages, though intricate 
ones, among the islands of the Asiatic Archipela^. 

We may expect to find, then, that the tide or the Indian Ocean has rather 
the character of a wave which has travelled from the Pacific by these various 
routes, than of the direct wave raised by attraction in its own waters. 

We have seen that the direct wave, even in the most advantageous circum- 
stances, is very small, while the derived, or travelling wave, has mounted in 
certain cases to the height of 15, 20, or even upwuds of 30 feet. It is to 
this latter, then, that we must look as the main source of the tides of the 
Indian Ocean. 

If we suppose the main body of the wave to enter the Indian Ocean from 
the south-east, we shall find that its features on the eastern shores arc vcrv 
much affected by the channels between the islands of the Archipelago, which 
at once permit the exit of branches of the Indian Ocean wave, and the 
entrance of branches from the waves of the Pacific and China Seas. 

The tides, therefore, all along the shores of Western Australia, of Java, 
Sumatra^ Malacca, and Burmah, will necessarily be much affected by the com- 
bination of these various branches, and we can scarcely expect to find the 
means of tracing the main wave by the shore tides. 
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The tides on the coast of Northern Australia, between the meridians of 
longitude 120° and 130° we stated to have been high. We have no information 
of the tides north of this nearer than the south-west coast of Sumatra, where 
the wave is only 2 to 3 feet high, and it vanishes altogether in the northern 
part of the Straits of Malacca. At Sin^pore, the southern extremity of 
these straits, it has peculiarities, described m the last chapter. 

We can now trace some kind of a regular progress for the wave. At the 
Nicobar Islands it is high water at new and full moon at a quarter past nine, 
and the tide rises 8 or 9 feet. At the Andaman Islands, due north, the tide 
is a few minutes later. About the islands of the Merqui Archipelago, off the 
coast of Tenasserim, and on the main coast itself, the arrived of tne wave is 
somewhat later, being probably retarded by the shallowness of the ocean on 
approaching the coast. Its height, however, is increased to 18 or 19 feet, and 
at the head of the Martaban Gulf it rises as much as 24 feet, the greatest 
tide being here two days after new or full moon, making the tide two 
days old. 

At Cape Negrais, the western extremity of the Gulf of Martaban, the rise 
is 10 feet, little more than at the Andaman Islands. The time is about an 
hour later. It takes another hour to get to Cheduba, 200 mUes north, where 
the rise is about the same. The range increases to 12 feet at Chittagon^, at 
the head of the Bay of Bengal. Hence it flows up the various mouths of the 
Gaiu^. The tide wave exfiibits no regular progress along the eastern shore 
of Hindostan, and the rise is small. 

At the Chagos Islands, lying due south of Hindostan, in latitude 6 degrees 
south, the tide rises 6 to 6 feet, and it is high water at new and full moon at 
half-past one, which is nearly five hours lat^ (making allowance for the diffe- 
rence of lonjgitude) than the tide on the coast of Australia. 

At the MMdive Islands, lying 10 degrees farther north, the tide exhibits a 
curious feature. The group of islands (which lie in a ^e due* north and 
south, extendinj^ over a space of 300 miles) is surrounded by a coral reef, 
which onl^ admits the tide wave to enter freely from the north. Here the 
time of high water at new and full moon is hidf-past nine, and it becomes 
successiveqr later in going southwar(^ till at the southernmost islands the 
time is one o'clock. This direction is exactlv contrary to the general pro- 
gress of the tide wave. The range is about 5 feet. 

At Cochin, on the opposite shore of Hindostan, the range is only 3 feet. 
The tide wave from thence travels northward. At Goa the time is eleven 
hours forty-five minutes, and the range is 5 feet. Beyond this the features 
strikingly resemble those of the coasts of Malacca and Burmah. The tide 
becomes later as we go north, and the range increases. At Bombay it 
rises from 14 to 17 feet, at Surat 21 feet, while at the head of the Gulf 
of Camlwy it rises 30 to 36 feet. Passing on, however, to the mouth of 
the Indus, the range is again reduced to 9 feet. It will be seen upon the 
map that the conformations of these two coasts are very similar, tne Gulf 
of Martaban being represented by the Gulf of Cambay. In each case the 
tide in the gulf becomes very largei while the portions of the waves which 
pass clear of the gulfs retain their original dimensions. 

At Bassadore, near the entrance to the Persian Gulf, spring tides rise 
9 feet 6 inches, and neaps 3 feet 6 inches, and here a peculiarity occurs 
similar to that which we noticed on the western coast of Australia. In 
the Gulf of Cambay there is a diurnal inequEditv of 7 or 8 feet in height, 
but the two tides arrive at their regular intervals ; there is no inequality of 
time. At Bassadore the two tides are of the same height, but the one 
arrives proportionally two hours earlier than the other. 

We may remark here, as we did of the Australian tides, that this difference 
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in the mtnifestation of the diomal inequality may easily be accounted for, by 
supposing the two waves, hanring been originally formed in different latitudes, 
to take somewhat different routes. One being [yerhaps a little more easterly 
than the other, may find a less obstructed paui in the ocean than that which 
is more directed along the shore ; it may tnus arrive sooner, and be smaller 
when it arrives at Bassadore. In its route to the Oulf of Gambay, it may 
meet with ciroumstances which retard it and increase its dimensions, in an 
equal deg;ree with those which by a different route have affected the other. 

This IS a mere conjecture, which more perfect knowledge may r^ute or 
oonfirm, but we mention it to show how terrestrial causes may affect differently 
tides formed on different parts of the earth's surfi&ce. The tide is here also 
two days old. 

The tide wave flows up the Persian Gulf, and at the head there is a rise of 
7 J feet. 

The progress of the wave along the southern coast of Arabia is generally 
to the westward, but it is stated to be irregular ; probably its continuous 
movement is interfered with by meeting a more direct portion of the wave 
travelling from the southeast. The general range is from 6 to 8 feet ; the 
time, at new and full moon eight to ten o'clock, and at the Straits of Babd- 
mandel twelve o'clock. 

There. are but few observations of the tide in the Red Sea, and the ranfe 
is small. It is probable that there is a peculiar movement of the wave, of the 
exact nature of which we cannot judge without more observations. The time of 
hiffh water at Suez appears to be nearly the same as at the Loheia Eiver, a little 
within the straits, it is scarcely likelv that the wave travels over this space 
in twelve hours, and the small nse and irregular time near Mecca would seem 
to indicate a movement somewhat similar to that which we find on our own 
coasts, and which we shall describe in the sequel. 

The tide wave appears to fall directly upon the east coast of Africa, making 
high water generally along the coast at nearly the same time, between one and 
two o'clock oy Ghreenwioh time ; except in some cases, where either the wave 
is retarded by the conformation of the ocean bed, or by some peculiar un- 
dulation. The range is pretty large in the Mozambique Cnannel and for some 
distance to the northward, being m>m 10 to 1% feet. 

We have been compelled to extend our remarks on the subject 
of the tides much beyond what was our intention at first, but we 
have found it necessary, in order to impress upon our readers the 
importance of all the observations they may have to make on 
the subject, and at the same time to afford some clue as to that 
which may be required, either in the tidal survey of two or 
three spots at some distance from each other, or along the whole 
lenffth of a line of coast, or up a tidal river or estuary. 

In the United Kingdom, and in Europe generally, there is so 
much to be obtained from public documents, such, for instance, 
as the Admiralty Charts, that the surveyor has only as it were 
to fill up gaps occasioned by the want of details ; but where he 
has also to find out the leading features as well as the details ajs 
to the tides and currents, the work is often laborious, and must 
necessarily extend over a considerable period of time. 

OnOi twO| or a much greater number of tide gauges may be 
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required, not only to ascertain the total rise and fall of the tide 
at different places, but the intermediate heights between high 
and low water, and often particularly half tide by time. 

One step that may be first taken, is a careful set of levels 
to different spots near low-water mark, and to ascertain by 
observation the total ranges of the tide at each place, both as 
r^ards springs and neaps; we shall then know where the gauges 
will be required. 

In the surveys of tidal rivers, and of estuaries, the numerous 
bends, contractions, and expansions of the shores, and often of 
projecting bluffs und.er water, or any marked changes in the bed, 
either longitudinally or transversely, will all be found to afiect 
more or less the parallelism of the tidal wave ; and here again sets 
of tide gauges, all referring to one carefully ascertained level will 
be required, for the bulks or velocities of the tides will be inter- 
fered with at such spots, and consequently the parallelism of the 
wave ; the greater the rise of the tide, and the more rapid the 
currents, the more numerous the tide stations will often have 
to be. 

The tide-staff erected at each station will require to be from 
six to nine inches wide, and steadied in a strong frame for its 
support and safety, unless it can be fixed against some rock or 
bank, having its foot reaching to low-water mark ; the foot of 
the ataS should be sunk some two or three feet below the lowest 
reputed low-water mark ; in length the staff should be some four 
or five feet higher than the highest reputed spring-tide ; it should 
be painted white and divided into feet, and the numbers of these 
should be shown in large bold figures, that they may be seen at 
some distance ; each foot may be subdivided by lines into halves 
and quarters, but no figures shown for inches. 

On a long shelving bank, or where the rise of the tide is great, 
the staff may be divided into short equal lengths, and carried 
along, as it were, in steps, the foot of each length being carefully 
adjusted by levelling, to correspond with the top of the length 
of staff below. A careful, trustworthy man should be appointed 
to each staff, and his observations should be taken every ten 
minutes ; he should, therefore, be provided with a watch. With 
regard to high and low water, he should not only watch the 
highest rise and greatest fall, but also the time of the change of 
the current. A set of tidal observations, to be of toy value, 
must extend over a considerable period of time, and will of 
course be expensive ; unless great care be observed, numerous 
errors will creep in ; - the whole may therefore be invalidated, and 
so much money thrown away. 
The staff above described will be sufficient, where it can be so 
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placed as to be protected from the undulations of waves ; but 
for harbours and coast work, it will be necessary to shelter the 
staff by means of a piece of stout glass, between which and the 
staff the water may rise and fall without being affected by the 
undulation of the wave. A large hollow copper ball has been 
used, rising and falling within a casing ; to the ball is attached a 
chain, woricing by a kmd of clock-wo^ on a dial-plata 

For measu^Dg the velocities of currents moving at the rate of 
above two miles an hour, Massey's patent log will give all that is 
required. Below this vdocity, Elliott s Current Meter^ which we 
shall describe in another place, is preferable. 

It need not be added that, in taking the velocity of a current^ 
its direction must at the same time be observed, as also the spot 
from whence the observation has been made. To perform this^ 
ample instructions have already been given. 

An illustration has been given of the method adopted to show 
the rise and fall of the tides on paper. On the horizontal line 
equal distances denote equal times, and the reverse ; they may 
represent hours, days or mouths, or fractions of them. The rise 
or fall is plotted on the vertical lines corresponding to relative 
time. 
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CHAPTER XIV. 

Survey of Oaihervng Cfrounds for Water Supply. — Oeneral 
Observations. — Gathering Grounds. — Ohjecta oftheSurvey. 
— Ramfall. — Mean annual depth of Rain, with Notes. — 
Observations on the Causes of Differences. — Rain Gauges ; 
the Gauge Glass, — Variations %n depth of Rainfall. — 
Position of Rain Gauges. — Discharge from Rivers arid 
8trea/ms, cmd from large Districts. — Stream Gauging. — 
Theoretical Discharge. — Contracted Vein. — Rmes for 
Weirs and OverfaUs. — Coefficients. — Initial Velocity. — 
Establishment of Gauges. — Surface and Mean Velocities. 
— Current Meters. 

Pumping from wells sunk to a certaiiy depth, from rivers with or 
without storage reservoirs, and a system of gravitation from reser- 
voirs suppUed from extensive gathering grounds; these singly, or 
combined, and modified in various ways, are the principal methods 
adopted by engineers for supplying towns with water ; often also 
for canals, and on a smaller scale they are likewise adopted to 
obtain a supply for mills and extensive manufactories where laige 
quantities of water are required. 

With very few exceptions, more particularly with regard to 
wells and reservoirs supplied from gathering grounds, the sur- 
veying engineer has not only to ascertain the quantity of water 
that may be obtained from the above sources ; he has also to 
define the quantity of water already appropriated by existing 
interests, how they will be affected by the quantitv proposed to 
be withdrawn, and how compensation can be made in the best 
manner for all parties. Wells are generally sunk through some 
overlying impermeable stratum, as clay or rock, down to some 
water-bearing bed from which the fluid will rise ; or rather the 
well is sunk to a certain depth to receive the uprising water, 
which is then tapped by means of a bore-hole, which may be six 
or even eighteen inches in diameter, as may be required, and deep 
enough to reach from the bottom of the well or store to the 
water-bed ; the only way to ascertain the quantity of water 
obtainable by this means is by direct experiment. 

A gathering ground, properly so called, is any area of land the 
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rain-fall on which may be collected ; it is always more or 1^ 
affected by certain causes, such as geological formation, the dip 
of the strata, the altitude, geographical position, the character of 
surface-soil, or of the substratum, &c. 

The storing of water from a gathering ground into a reservoir, 
and sometimes a chain of reservoirs, is effected in the most 
economical manner by embanking across one or several valleys; 
it will therefore be readily seen that in most cases the land sur- 
vey required will be more or less extensive, for all the valleys 
leading to that to be embanked, will have to be shown on the plan, 
and very often also those separated from it by hills on one or both 
sides; a scale of from one to three inches to one mile is sufficient 
for this purpose, and in England the Ordnance maps are generally 
tised for the purpose of showing the lines of watershed, their 
areas, and the position of reservoirs ; the lines of watershed show 
the boundaries of the lands on which rain falling, may by gravi- 
tation be expected to flow towards the streams and rivers by 
which the waters of the valleys are discharged. 

It will not be difficult to perceive why the parallel valleys have 
often to be surveyed, when it is considered that a short heading 
driven through the intermediate hills into such valleys may often 
be the means of leading considerable quantities of water into the 
reservoir ; similarly, feeders may be laid to effect a like object 
by bringing rain or spring waters into the reservoir valley, at a 
point much higher than that they would otherwise flow to. 

High lands are much more favourable to the system of storage 
from gathering grounds than a low lying country, where not only 
the rainfall is smaller, but where also the ground is much less 
favourable for the construction of reservoirs. The consequence 
of this is, that whilst low flat districts are mostly supplied by 
pumping from riversy^^towns in more elevated regions are supplied 
by gravitation from reservoirs constructed in valleys collecting 
water from gathering grounds. 

The dip of the strata, in many hills surrounding a valley, is 
oflen such, that the rainfall due to the reservoir valley may be 
appropriated by another, by reason of the strata on one or both 
sides dipping in opposite directions, or away from the valley 
where it is proposed to impound the water ; for evidently in 
such a case the percolating water may be carried away in an 
opposite direction, unless caught or brought back in the manner 
above suggested* Or we may have the reverse of this, by 
reason of the geological stratiflcation being such, that a much 
greater quantity of water is brought within the drainage area, 
than that due from mere rainfall ; in this latter case, however, 
the water will make its appearance in the shape of one or more 
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s^ringSy sometimes at/ a low level, and at other times at a much 
higher level than might be at first expected. 

The above remark will be sufficient to indioate that the fol- 
lowing features wjUl all have more or less to be dgrefully investi- 
gated, and the following points kept in view. 

1. It is desirable to obtain a£i much information as possible as 
to the nature of the geological formation and its strueture as 
regards material, inclination, and faults, as bearing on the quan* 
tity and quality of the water, as regards at least the supply of 
towns. 

2. The nature of the surface soil ; ajs meadow, grass, barren 
lands; decomposing peat, lands richly manured or thickly wooded, 
such QB are thickly populated, or more or less appropriated by 
imhealthy manufactories, or such as may affect the quality 
of the water proposed to be supplied for any town ; where the 
areas of any of the above descnptions of land have any extent, 
such areas often require to be shown on a general map, such as 
the Ordnance, and also to have their contents computed. 

3. The area of the whole watershed. 

4. The rain-fall per annum and during the dry months. 
6. The quantity of water discharged by streams, 

6. The compensation abready alluded to for withdrawing water, 
more or less appropriated by existing and competing interests. 

7. To these have sometimes to be added the fall in the streams, 
as water power, and its value. 

Finally, a close investigation will have to be made of that most 
important question, which has already been pointed out in 
another portion of this volume as being of such vital consequence 
to any engineering project, namely, the kind and quality of the 
materials on the spot, or to be obtained, and from whence ; and 
more particularly in the case of reservoirs, as regards day or 
loam for puddle ; the materials of which embankments are to 
be formed, and as to whether the reservoir will require lining 
to make it water-tight ; for reservoirs connected with "towns' 
supply,'^ we must not neglect to look into the question of sand 
and gravel for the construction of filtering beds. Many other 
incidental matters will arise, in the course of the survey, but the 
above are amongst the most important. 

There are three questions principally which it is here proposed 
to assist the student in investigating ; viz., the depth of rainfaU, 
the quantity of water discharged by streams, and that from rivers* 

The annual depth of rainfiSl varies geographically, locally, and 
periodically ; in tropical regions it is five or six times what it is 
in some parts of our temperate climate ; even in our northern and 
elevated districts it m often three or four times as great as what 
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it IB about London ; one side of a hill will often have a much 
greater depth of rainfall than another ; even in two adjoining 
neldsy circuihstances ma^ be such as to cause a difference. Year 
by year the depth of rain varies in the same place ; it has been 
recorded that at Blackstone Edge, in Lancashire, the rainfall in 
1826 was only 19*6 inches, whilst in 1836 it was 41^ inches; it 
varies also with the season, one portion of the year being much 
more wet than another. 

The following table, taken from various authorities, and extend- 
ing over a number of years, will show some of the anomalies that 
have to be met with on this subject. 

Mea/n Annual Depths of Rain/ally in i/nchea, at the under- 

mentioTled jylaces. 



Height 
Above 
Sea. 
Kotos. Feet. Inches. 

1... Abbot's Hill, Herts. 26-61 
1300 Allenshead^ near 
Newcastle-upon- 
Tyne 47 90 

AppIegartLjDuxnfries 33*80 
Aylesbury, Bucks... 28*40 
Barrowby, Yorkshire 27*50 
Bath, Somersetshire 32*40 

Belfast 34-96 

2... 1200 Blackstono Edge, 

Lancashire 36*29 

3... 320 Bolton, „ 49*00 

30 Boston, Lincolnshire 23*10 
Bridgewater, Somer- 
setshire 29-30 

Bristol 29 20 

4... 300 Bury, Lancashire... 41*72 
Carlops, near Edin- 
burgh 48*82 



Height 
aboTC 
Sea. 
Notes. Feet. Inches. 

Castlccomer 37*80 

Chapel - en - le - Frith, 

Derbyshire 43 00 

Chatsworth 27*80 

Chiswick, Middlesex 24*00 
CobhamLodge, Surrey 2 i*50 
Cockcrmouth, Cum- 
berland 45*40 

720 Coombs, Laucasliire 45*80 

Cork 41*00 

Crawley, near Edin- 
burgh 3700 

5 . . . Crawshawbooth, 

Lancashire GO' 00 

Cuba 14100 

Dickleborough, 

Norfolk 26-00 

Derry 3M2 

6... Dover, Kent 37*50 



Notes.-^No. 1, Near King's Langley, 1837, 21 10; 1841 3210. No. ,2' 
On roof of house at Reservoir of Rochdale Canal, six miles N.E. of Rochdale, 
near summit of mountain, rangmg N.E. and S.W., 1844, 2480 ; 1833, 47-37. 
No. 3, 1844, 34*63; 1832, 5377, staff gauge. No. 4, 1844, 28*66; 1883, 
50-61 ; staff gauge. No. 5, near Haslingden, said to be the highest market* 
town in England. No. 6, 1789, 16*30 ; 1792, 51*40. 



RAINFALL. 



233 



Mea/ifi Annual Depths of RaimfdU — continued. 



Hdght 
•bore 



If otci. Feet. InohM. 

Dublin 26-41 

7... Dumfries 37-00 

8... EdinburKh 23-40 

Epping, Essex 26*60 

141 Exeter, Devonshire. 29*20 
9... 220 Pairfield, Lancashire 34*84 

Falmouth 40*72 

Felthorp, Norfolk... 22*60 
10... Fell-Foot, West- 
moreland 65*70 

Fyfield, Hampshire . 25*90 

Garsdale 52*30 

326 Gatesgarth, West- 
moreland 117*20 

Genoa 6600 

600 Gilmourton, Lanark- 
shire 47*70 

8 Glasgow .'. 33*60 

734 Glenoorse, Fentland 

Hills 36*11 

800 Goodamoor, Deron- 

shire 56*80 

30 Gosport, Hampshire 30*20 
180 Grasmere, West- 
moreland 107*50 

2925 Great Gable, do. ... 89*40 
Greenock, Frith of 

Clyde 65-00 

143 Greenwich Obsenra- 

tory 23-93 

Hastings, Sussex ... 31*98 
Honiton,Devonshire 33-20 



Hdght 
aboT« 
Sea. 
NotM, Feet Inehee. 

320 Hungerford, Berk- 
shire 26-68 

320 Hyde, Lancashire... 35-20 
11... Xendal, Westmore- 

knd 58-10 

12... 258 Keswick, Cumber- 
hind 67-50 

£imbolton, Hunt- 
ingdonshire 25-00 

13... Kirkmichael 40*78 

Lille,NorthofFrancc 29*00 

14... 41 Liverpool 34-40 

London (Reward's 

average) 24*80 

Ludguan, Cornwall 41*00 
Lyndon, Rutland- 
shire 24-30 

Lyons, France 3700 

Manchester 36-50 

15... 500 Marple, Lancashire 36*56 
Milan, North Italy 37*60 
610 Moss Lock, Lanca- 
shire 27-24 

121 Newcastle-upon- 
Tyne (2 years) ... 17*60 

Norwich 25-50 

Nottingham, High- 
field House 27*00 

Paris, France 26-60 

Paisley 6600 

Pencarrow,Comwall 45*30 
40 Penzance „ ... 43*10 



Notes.— No. 7, 1788, 2642 ; 1789, 48-09. No. 8, Roof of Mr. Adie*s house, 
1826, 15*27 ; 1827, 32-59. No. 9, Three miles E. of Manchester, 1844, 26*35 ; 
1847, 40*75, staff gauge. No. 10, South end of Winandermere, at foot of 
enclosing hills; 1788, 4206; 1789, 66*52. No. 11, 1788, 39*25; 1792, 
84*88. Wo. 12, 1788, 34*30; 1792, 84*60. No. 13, eight miles N.E. of 
Dumfries, near foot of high mountains. No. 14, On roof of house ; 1780, 
24-84; 1792, 54*24. No. 15, Four and a half miles S.E. of Manchester; 
1844, 29-40; 1847, 4370; staff gauge. 
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Mea/n Annv/d Depths of Ravn/iM — continued. 



Hdffht 
aboVe 
Sea. 
Notes. Feet. Inches. 

Piza, Italy , 49-00 

30 Plymouth, Devon- 
shire 3570 

10... Preston, Xjanoashire 

Beading, Berkshire 25*40 
17... 500 Rochdale, Lanca- 
shire 4fi'f5 

Rome... 33-50 

Seathwaite, West- 
moreland 140-60 

Belhome, Hampshire 37*20 
18.,, 850 Sharpies, Lancashire 63*92 

Southampton 30*34 

19,,, 268 Sowerby Bridge, Lan- 
cashire 28*80 

1900 Sparkling Tarn, West- 
moreland 124*00 

20,.. 364 Stubbins, Lanca- 
shire 32*83 

St.Breock, Cornwall 41*00 



Height 
aboye 
Sea. 
Notes. Feet Inches. 

3290 Styehead, Westmore- 
land 92*80 

Swaffham Balbeck, 

Cambridge 23*80 

50 Tottenham, Middle- 
sex 24*80 

Townley, Lancashire 41*00 
Upminster, Essex... 19*50 

Venice, Italy 31*50 

Viviers, S.B. of 

Prance 3400 

21... Waith-Sutton, West- 
moreland ,. 46*00 

276 West Benton, near 
Newcastle-upon- 
Tyne 36*80 

22... Whaley, Cheshire 

90 T^tehaven, Cum- 
berland 4700 

York 22*28 



Mr. Beardmore'g table enumerates 55 different plaoefl. Dividing 
the year into three periods, as Winter, Spring, and Summer, and 
oalliiig November, December^ January, and Februaryi Winter ; 
March, April, May, and June, Spring ; and July, August^ Sep- 
tember, and October, Summer, his table shows that for the 
mean, in 8 different places, the raanfiEdl is greatest in Winter ; 
and that in 21 places it is greatest in the Summer months; and 



Notes.— No. 16, a, b^ and <?, at Kivington; <», 410 feet, 48*83 ; b, 710 feet, 
46*48; c, 750 feet, 46*96; i, ^, and/, in Boddlesworth valley ; £?, 650 feet, 
60-29 ; tf, 700 feet, 67*10; /; 900 feet, 52'53 ; all in 1847. No. 17, S.W. of 
Eoohdale, 1844, 34*41 ; 1836, 61*11* No. 18, Belmont Bpring-vater Reser- 
voir, near Bolton; 1846, 49*8; 1843, 63*4. No. 19, Seven miles N.E. of 
gauge, at Blackstone Edge, i^e anU^ at considerable distance from mountain. 
¥fo. 20, Near Todmorden, in a narrow tortuous valley. No. 21, Seven miles 
S.W. of Kendal. No. 22, Todd's Brook, Brinks, three and a half miles S.W. 
of Whaley, 1600 feet above level of sea, 29'6 ; Todd's Brook Eeservoir, by 
Whaley, bottom of hill, 620 feet, 38*39 : Coomb's Ridge, 3^ miles S.E. of 
Whaley, 1670 feet above level of sea, 35*86 ; Coomb's Reservoir, two miles 
S.E. of Whaley. bottom of hill, 720 feet, 61*30, staff gauge; all in 1847. 

The above observations are prinoipally due to Mr« ^ateman, Mr, Beard- 
more, Dalton, Mr. Homersham> ac. 
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that the falls are equal in theae two periods, or nearly 00, in the 
remaining plaoea ; in most instances the Spring period is the dry 



If the student will study the above table with the help of the 
Ordnanoe maps, he will be enabled to make obsarvations by 
himself as to many of the above anomalies. 

In England it is not often that a day's rain exceeds two inches 
in depth, and rarely three inches^ except in some few very hilly 
districts particularly exposed to wet weather. 

There are a great many circumstances which will cause the 
depth of rain to vaiy very greatly in some seasons in many 
parts of the same district, such as proximity to the sea, difierence 
of levels, prevailing winds, and exposure to or shelter from them ; 
it is therefore necessary to have a number of rain gauges over 
any extensive district, always as much as possible in the most 
open and unsheltered situations, and this in the widest sense of 
the word ; it is also necessary that they be situate so as to give 
as nearly as possible the result of modifjring causes. 

As we approach hilly districts and mountainous countries, we 
almost always find a larger quantity of rain than in a flat coun^ 
try, and the same may be said of situations nearer the sea than 
of others farther distant jQrom this influence. Morerain^ however, 
as a general rule, is collected at the feet of hills than on the 
summits, where the evaporation is greater. These subjects 
require mature consideration in fixing rain gauges, if we wish to 
come near the truth; it is not sufficient to depend upon the 
observations of a year or two, notwithstanding their value as an 
independent guide and check upon the observations of others ; 
it is also necessary to know the amount fallen during a dry year, 
and also during a wet one. It is considered that more than half 
the annual depth of rain falls during the latter part of the year, 
and that the proportion is about as 3 to 2, and that the largest 
proportion of rain falling in the year comes down in gluts, varying 
firom 0*4 to 8 inches in depth in less than 24 hours, and in steep 
hiUy districts large quantities may therefore be collected in short 
periods, or a considerable proportion of the annual fall will 
probably be lost 

The proportion of the depth of the annual rainfall to be 
allowed to evaporation and absorption varies in different dis- 
tricts, and is affected by various conditions ; it is greater on high 
than in low lands, both being in the same part of the country ; 
but mountain-streams and torrents, which we see so rapidly 
flooded and again so suddenly dried up, winding their way 
through gorges and along the bases of steep hills, will often 
carry off in a few hours as much water as flows down their courses 
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in many summer weeks during an ordinary state of things, the 
steep fall of the hills favouring a rapid flowing off of the water 
down their precipitous sides. On the high flats of table lands, 
particularly if covered with an absorbing material, and exnosed 
to the action of sun and wind, much will at first be detainea and 
then evaporated, unless means be taken to drain it off rapidly ; 
again^ of the rain falling in such situations, and thus absorbed into 
the surface soil, a portion will very probably gravitate through it 
down to cracks, fissures, channels, and chasms, until it meets an 
impermeable stratum, along which it will percolate until it finds its 
way out in the shape of springs at the sides or feet of the hills, 
at a greater or less distance according to the dip of the bed, the 
more rapid inclination of which favours the escape of the water. 
The Rairi-Qauge. — ^The instrument, by means of which the 
depth of rainfall is measured, is well known as the ^^ rain-gauge,'' 
and the follovring is its principle of construction : if any portion of 
the surface of the ground on which a shower has iust fallen 
were perfectly smooth, level, and impermeable, and also sur- 
rounded by some waU or bamer, so that no portion of the rain 
should escape, it would soon form a shallow pool, the depth of 
which could be measured with a foot-rule ; this then would be 
the depth of rainfall at that paHicular spot, and such is the 
principle of the rain-gauge. 

There are various descriptions of rain-gauges, the most simply 
constructed of which is the " kettle-gauge," which consists of a 
funnel with a square aperture of given are% from which the 
rain water flows into another vessel or reservoir beneath, where 
it is stored until measured, which is done by means of a graduated 
glass, which will be presently described ; the aperture of this 
kettle-gauge is generallv about 6 inches square. 

Crosley's rain-gauge is a self-recistering instrument ; firom the 
mouth of the gauge the water fculs into a vibrating bucket ; as 
soon as one side is full, the bucket oversets and another com- 
partment is presented for the reception of the water, which 
being received is similarly discharged; during a fall of rain the 
bucket is thus kept in a state of vibration ; attached to the 
instrument is a description of clock-work which carries a hand 
upon a dial-plate, by means of which the depth of rain is 
registered in inches, tenths, and hundredths. 

In some gauges a float and " staff" are elevated by the water, 
and show by means of a scale the depth of water in the re- 
ceiver ; it is called a staff-gauge.* 

* This gauge is defective, inasmuch as the staff, when much elevated above 
the funnel mouth, catches more min than is due. 
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The rain-gauge known as Dalton's gauge is intended, where 
used, to ascertain the depth of rain evaporated rather than 
the depth of rain fallen, and modified, we believe, has been 
used by Mr. Dickinson, of King's Langley, Herts. It consists 
of the usual funnel mouth, which conveys the water into a 
cylinder some three inches in diameter, about three or four feet 
deep, and supported on an inverted funnel answering the purpose 
of a stand ; uxe cylinder is filled with two or three feet deep of 
earth, resting on a perforated bottom, through which the water 
reaching to that depth passes off into a short horizontal pipe, a 
little below the perforated plate, and connected with a vertical 
glass tube» graduated and bearing a definite proportion to the 
mouth of the rain-gauge. By means of a tap the water may be 
drawn off when required. It was hj a gauge similar to this 
that the following results were obtamed by Mr. Dickinson, at 
King's Langley, some years since. The entire depth of rain 
was measur^ by the usual fimnel-gauge. 

Year. Depth of rain. Eiltratiou. Evaporated. 

1836 3100 17-65 1335 

1837 2110 6-95 1415 

1838 2813 8-57 1456 

1839 31-28 14-91 1639 

1840 21-44 819 12-25 

1841 3210 14-90 17'91 

1842 26-43 1176 14-67 

1843 26-47 810 1637 

Although a set of gauges of this description made in a single 
locality cannot be looked upon as a general guide, and under 
certain conditions is even liable to exception, still such experi- 
ments are very interesting, as tending to throw light to a certain 
extent upon this important subject. 

The proportion of the annual rainfall, or the mean average 
allowed for evaporation and absorption, is very commonly taken 
at one-third of the whole depth ; about the south of England 
often more, sometimes exceeding a half; to the north generally 
one-third is ample, and often in excess. We shall have further 
remarks to make upon this subject hereafter. 

Rain-gauges may be constnicted of japanned tin, or better of 
zinc, and are mostly made circular, so that the rim of the mouth, 
the dejmed area of which it is most important to have correct, 
may be turned in a lathe ; this rim should be stout, so as not to 
be easily deformed, and may be made of tinned copper ; it may 
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be about half-an-inoh deep, and should project inwardly over 
the body of the funnel, bo as to preyent the rain in heavy snowers 
from splashing out of the funnel. The area of the rim is generally 
made of 6, 9, or 12 inches in diameter, as the observer pleases. 

The Gauge Olaas. — As already observed, this glass is used to 
measure the quantity of rain fallen ; it is made cylindrical, and 
we have ours of such form as to go into a case like that of a 
telescope, slung over the shoulder by means of a strap, as being 
the most safe and convenient mode of carrying it from gauge to 
gauge, accordingly as these may be disposed over the face of the 
district under survey ; always, however, having at least one glass 
in store in case of accidenta Let us now suppose, as an example, 
that the internal diameter of the rim of the rain-gauge is nine 
inches; the square of any diameter of a cirde multiplied by 
0*7854 is equal to the area of the circle ; in <our example 81 x 
*7854 = 63*6174 square inches i and one cubic inch of distilled 
water at a temperature of 62"" Fahrenheit is a standard of weight 
according to legal enactment, and has been determined to weigh 
252*458 grains, of which 437*5 are equal to one ounce avoirdupois. 

One inch in depth of rain on the gauge will give 63*6174 cvMc 
inches. 

Then, 

^^'^^^f,^,y^'*^^ = 36*710 owiceB (wavrdwpois. 

Therefore any cylindrical glass holding this quantity of water 
marked on it in depth, and such depth divided into tenths, and 
these subdivided each into ten other eaual parts, will show one 
inch, or tenths and hundredths of an incn of rain on the area of 
thegauge of nine inches diameter supposed circular. 

Then, as a general rule, let A be the area of the mouth of the 
gauge in inches, and D any depth in inches also of rain falling 
on it, and we shall have, 

A X D X 252*458 • i.x i. x i • j • 

ji = weight of water in ounces avoirdupois. 

It is well to remember this rule, because circumstances may 
arise when we have to attend to the making of these divisions on 
the glass ourselves, and as a truly cylindri<^ glass is not always 
to be obtained, we may have to pour in small quantities at a 
time and graduate the glass accordingly, for it is only on die 
assumption that the glass is trul3r cylindrical that equal quan- 
tities will occupy equal depths ; in large towns we have only to 
giye the total quantity of water, and the diyisions we require, to 
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a maker of mathematical instrumentB, or a manufacturer of 
chemical apparatus, and we get the thing done to our hand. 

If we vnsh to defi/ne ike dUameUr of the cylimdrical glaesy 
cmi to ascertain the depth thcU ehall hold one mch of rain 
over the gauge^ the rule wiU be : multiply ihe area of the glass 
by 252*458, and dimde by 437*5 ; then the weight in ounces, of 
one inch depth of rain over the mouth of the funnA^ divided 
by the quotient last founds will gin>e the depth of the glass of 
me given diameter. 

These calculations may be shortened by making use of the 
constant 0*577, instead of 252*468 ->- 487*5 . 

The above rules will now be as follow :•«— 

1. With a given dnurneter of rain aauge, amd any given 
depth of rain over its a/tea, to find me weiglvt of the rai/n 
water : squa/re the diameter in vnches, and multiply by 07854 
to obtMn the a/rea A ; multiply the area by D, the depth vn 
inches also, a/nd muUip^f the prod/act by 0*677, which will give 
the weight required hi OAmrdupois ounces. 

2. With a given diameter of oyUndrical glass, to find the 
depth that shaU hold a given weight of water. MuUi]oly the 
area of the glass i/n square i/nchis by 0*577, and divide the 
weight of water in, ounces avoi/rdupois by the product ; the 
qwotient thus fcwtyd wiU give the depth required m inches. 

' This depth in the glass bei/ng then divided i/nio tenths amd huTi- 
dredtiis as above, will give the msans of ascertaining the depth 
ofrainfoM on the gcmge, amd thousa/ndths may be read off by 
approol/mKilion. 

The following tablet will in most cases save the trouble of 
making the necessary calculationa 

Weight of one Diameter of Depth of fflaat to hold 

Diameter of inch in depth of measuring one inoh aeep of rain 

rain Range. rain in oz. glass. over the area of gauge. 

Inches. avoirdupois. iQohes. Inches. 

6 16*81 li 1600 

8 29-00 2 15-989 

9 86*71 2i 16-00 
12 66*25 3 16-00 

A h&ofvy rainfiEdl may be measured in two or three times. 



Position of Rain Oa/uges, — We have already observed that 
they should be placed in the most exposed, that is, the least diel- 
tered places, and at different altitudes, as well as at the different 
principal spots where circumstances are such as to -be likely to 



2M EFFECTS OF THE GEOLOGICAL STRATA. 

interfere with the rainfall, as on or near the sammits, and also the 
lower parts of hills, on table-land, and in valleys, &a If the 
reader will study the table we have given of the rainfall in dif- 
ferent parts of Great Britain, and the appended notes, with some 
of the Ordnance maps before him, he will be able to form a very 
good idea of how circumstances may interfere as regards quan- 
tities of rain in different parts of the same locality. In all cases 
rain-gauges should, if possible, be placed on the ground, and 
where not likely to be mterfered with ; they should be watched 
to prevent undue interference; every day they should be ex- 
amined, or the rainfall at least should be registered ; particularly 
after a heavy fall this should be done with as little delay as poB- 
sible, for if dry windy weather should ensue directlv after, it is 
suq)rising, under some circumstances, how great the effect of 
evaporation may be. It is very desirable to note also the direc- 
tion of the wind every day, and keep a systematic register. 

However valuable a series of observations made by the above 
means may be when obtained with care, it will not fail to be 
remarked, from a slight study of the table already referred to, 
that the greatest uncertainty prevails as to the quantity of rain 
that falls from year to year, and this more particularly in hilly 
districts ; therefore observations made during a series of years 
are very desirable, and should be obtained when possible. 

We have already said enough, however, to show that> setting 
aside evaporation and absorption, very great difference exists as 
to the proportion of rainfall over the drainage area which may 
be discharged by the streams and rivers by which vaJleys are 
drained. The following very valuable remarks and tables by 
Mr. Beardmore,* will further tend to elucidate this portion of 
our subject 

" Districts may greatly vary in their general slope and geolo- 
gical character; grauwacke, granite, and the volcanic districts 
generally throw water in great rapidity, and are equally liable to 
great drought in summer time, unless they are cappea by moss 
beds, whicn act as sponges not always the most pure ; some of 
the newer rocks, on the other hand, such as the old and new red 
sandstones, have great power of storing water ; the latter rodss 
from their flatness, generally holding it, as indicated by the wells, 
which are always plentiful in this formation ; the former, on the 
other hand, generally give out the purest spring-water when 
occurring on mountain slopes, rising above the plains occupied 
by our numerous coal-nelds. 

* Hydraulic Tables, by Nathaniel Beardmore. 
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'' In the chalk districts this porous material absorbs a great 
portion of the rain that it receives, collecting it in great under- 
ground sheets represented by the numerously-interlaid flint beds, 
and pouring out almost rivers at places that have no indication 
of a feeder ; so strongly is this marked, that the chalk districts 
may be always identified upon the Ordnance maps by the 
absence of streamlets on its surface, a characteristic likewise of 
some of the mountain limestones and oolitea 

" In this latter formation we lately had occasion to examine 
springs which, although most copious, could be scarcely recog- 
nised to have any area of drainage beyond them ; the rock, 
having a very flat underlie, was fetching water far away from the 
outcrop, and pouring it out at a point not forty feet below the 
summit level of the hills whence it proceeded. 

''These instances are familiar to all who have studied the 
water-bearing properties of the hills of Great Britain ; watching 
the progress of agriculture and drainage, we find the hill pastures 
scored in all directions with sheep drains, while in agncultural 
districts thorough draining steadily advances ; all these operations 
are rapidly contributing to pour out floods on the dwellers in the 

1>lains, the inhabitants of tne rich levels at the mouth, or on the 
ower course of our rivers, who, by this simple but incontro- 
vertible order of events, find themselves forced into improvement, 
which the natural resources of their soil had too long delayed. 
Frequently in this state of affidrs, the march of improvement ha^ 
commenced in the harbour at the mouth, and tidal volume is 
sent up vastly higher and sooner than known before ; dredging 
machines are set to work, and bold piers or long river walls are 
constructed ; and although the landowner may find his outfall 
better, he also discovers uiat a concurrent high tide and upland 
flood has topped the walls and robbed his meadows of their bur- 
then, or swept down his ripening com. 

" In the estimate of floods, at pages 26-9, we have endeavoured 
to sketch out a few examples, with which the engineer should 
expect to deal, in constructing outfalls, or improving lowland 
rivers. In the following table we give a few examples of actual 
discharge from considerable districts, where the total flow of 
water has been gauged for the whole year round. The Bann 
Reservoirs, and some of those near Manchester, are from Mr. 
Bateman's paper in the Philosophical Memoirs of that town. 



B 



242 



DISCHARGE FROM LARGE DISTRICTS, 



TABLE OF ACTUAL DISCHARGE FROM LARGE DISTRICTS, 

with the amourU given per square rmle, the crnxmnt of vxUer 
run off in depth over the eurface, amd the storage in re^er- 
voire where ^oietvng or interiaed. 



Bftnn Baierroiri, 1887-8, 

moorUnd 

Graenook, 1827-8, flat moor 
Bate (a), 1826, low country 
Glencorse Pentland Hills (6) 
B«lmont^ 18iS,moorlMid... 

1844 

1845 

BlTington Pike (e) 1847-8". 
TnrtonandBntwiiUe, 1886 
^ „ „ 1887 
Bolton Watervorks, moor. . . 
Sheffield, feinoe enlarged ... 
Aehton, 1844 



ft 



ft 

if 



Height 
above Bee. 



ft* ft* 

400 to 2, 800 
512 to 1,000 

784to*l,600 
850 to 1,600 



1,545 
500 to 1^800 

800 t<i 1,600 



•qaare 
milM. 



5*15 
7-88 
7-80 
6-00 
2-81 



16-25 
818 

• « • 

•80 

1*42 

•59 




oablo ft 
pr. min. 

1092-6 
1416-6 
819-0 
600-0 
680*4 
412-8 
511-2 
411-8 
17520 
576-7 
548-2 
100-2 

■ • • 

40-7 




cabioft 
pr.xnin. 

210-2 
197-7 
105-0 
100-0 
224-8 
146-4 
181-9 
146-3 
107-8 
181-8 
172-3 
125-2 

65-6 




I 



(a) This year's rain was aboat 12 inohes less than an average. 

lb) Qlencorse discharge is only the amount exclusive of floods ; the reser- 
voir supply totally failed in the drought of 1843; it is now in course of 
enlargement. The Glencorse drainage is generally precipitous. 

(e) Bivington Pike Reservoirs are not yet made. The amonnt nmning 
down for two years was gauged. The country is moor, partly flat, and partly 
precipitous. 

"In 1846-7 the author conducted an experiment by accu- 
rately gauging for four months the water, flowing from 3,800 
acres, into the Qlencorse Reservoir, in the Pentland Hills, belong- 
ing to the Edinburgh Water Company, as follows : — 

Gubio Feet. Inoliet. 

184f6, December.— Supply into Reservoir... 19,762,000=fall of rain 1-43 

>» » ... Registered ditto 1*02 

1847, January.— Supply into Reservoir ...14,524,200=fall of rain 1*05 

f» » ... Registered ditto *750 

„ Pebmaiy.— Supply into Reservoir ...18,637,100=:fallof rain 1*34 

ft ••• ••• ... ... Registered ditto 1*56 

March.— Supply into Reservoir ... 9,662,520=fall of rain -69 

»f ... Registered ditto 1*02 

The total rain passing into the Reservoir being 4*53 

Ditto registered in rain gauges at level of Reservoir being ..*. 4*35 

»» » M on the Hills being 4*71 



ft 
»» 
f» 
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*' Again, in the Bonally district adjoining, but about 500 feet 
higher than Glencorae, we found the mean run of the streams to 
be 112 cubic feet per minute, or equal to a fall of rain over 879 
acres of 4*55 inches, the registered fall being as before 4*71 
inches. 
. " As a contrast to the foregoing table, we now offer a second : — 
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TABLE OF ORDINARY SUMMER DISCHARGE 



of various Rivers, Streams, and Springs, cw uninfluenced by 
any immediate rain ; with the drainage area, a/nd amount 
run off the surface represented in depth of rai/n. 



BIYEBS. 



Tluimas atStainet — ohalk, green- 
sand, Oxford clay, oolites, &o. 

Serem at Stonebenab — eUttrian.. . 

Trent at its mouth — oolites and 
Oxford clay 

Loddon(Feb. 1850) — greensand. 

Nene, at Peterborough — oolites, 
Oxford clay, and lias 

Mimram, at Pansbaoger — chalk . 

Lee at Lee Bridge—ehalk (Befmie, 
April, 1796) ..: 

Wandle, below Carshalton— chalk 

Medway, driest seasons {Remnie, 
l787)--cUy 

Ditto, ordinary summer run 
(iZewiw, 1787) 

Verolam, at Bushey Hall— chalk 

Qade, at Hunton Bridge— chalk 

Plym, at Sheepstor^granite 

Woodhead Tunnel— millstone grit 

Glenoorse Burn (e) 

Crawley Spring — ^felspar and por- 
phyry — Summer (t) 
,, Winter U 

Blackspringe— felspar —Sum. le 
„ „ Winter (e 

Bayelaw — ^Bandstone~Sttmmer(e) 

Colsium „ „ (e) 



Height 
above Sea. 



Valley. HOI. 
ft. ft. 

40 to 700 
400 to 2,600 

100 to 600 
110 to 700 

10 to 600 
200 to 500 

SO to 600 
70 to 850 



150 to 500 
150 to 500 

800 to 1,500 
1,000 

760 to 1,600 

556 to 1,600 



»> 



11 



1,000 to 1,600 



»» 



»> 



900 to 1,600 



iquarc 
milei. 



8,086 
8,900 

8,921 
221*8 

620-0 
29-2 

570-0 
41-0 

481-5 

481*5 

120-8 

69-5 

7-6 

6-0 

•6 
•6 
-1 
•1 
1-42 
4-20 




ouble ft 
pr. min. 

40,000 
88,111 



8,000 

5,000 
1,500 

8,880 
1,800 

2,209 

2,520 

1,800 

2,500 

500 

189 

180 

54 
77 
80 
40 
120 
118 



eobloft 
pr.min. 

12-98 
8*49 




18-58 

8-45 
51-4 

15-58 
48-9 

4-59 

5-28 
14-9 
86-2 
71-4 

21-6 

90-0 

128-3 

800-0 

400-0 

84*5 

29-9 





InchM. 

2 -98 
1-98 



8*01 

1-88 
11-58 

8-58 

9-98 

1-04 

219 

8-87 

8-19 

15*10 

• • • 

4*9 

20-2 
29-0 
70-0 
92-0 
19*0 
6-87 



InchM 
84-5 

■ a • 
• • • 

85-4 

28 1 
86*6 

••* 
24-0 



45-0 
46-0 
87-4 









'^ The examples here given have generally been corroborated by 
oar own observations ; the rain at the places marked (c) has not 
been kept, but that at Glenoorse represents the rain for the 
lowest point of the district ; the rain on the hills is much higher. 

R 2 
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'* The Blacksprings indicate a drainage firom a district far be- 
yond the water shed ; they occur at a protrusion of basalt ; these 
springs and others marked (e) are from gaugings made at dif- 
ferent periods, under the provisions of Acts of Parliament, for 
the protection of parties having water privileges. 

" The Wandle, Venilam, and Gade^ all flowing out of the chalk 
towards the metropolis, are from Mr. Telford's gaugings made in 
1838, a period which he terms 'Hhe driest season known for the 
last half-century ;" but there is reason to believe that this was 
not the time of the minimum discharge. 

"The table gives the run of the several streams per square 
mile of drainage area, which is an excellent measure of their 
productiveness, and we have likewise reduced the amount (as 
supposed to run uniformly during the year, irrespective of floods) 
into the quantity distributed over the drainage area, as fed by 
rain ; for example, the summer run of the Thames is equal to 
12*98 cubic feet per minute for each square mile, and represents 
2*93 inches of rain falling over its drainage area, while the 
summer run of the Mimram is 51*4 cubic feet per niinute for 
each square mile, representing 11*58 inches of rain. 

" In generalizing on the discharge of districts iii ordinary and 
flood time, the observer will be weU aware, that there are seasons 
of drought when the most certain streams are seriously affected 
in their water-bearing properties; the table exhibits the very 
high power of the Pentland Hills, yet we have it on record that 
almost the whole of these sources were dried up in the summer 
of 1843 ; there appear to be, indeed, rare occasions when hill- 
country suffers more from drought than lower districts — the lake 
district of Cumberland was simDarly affected at about the same 
time. 

" In hotter countries these facts are proverbial ; in the great 
tertiary plains of Central Spain, which are 1,200 feet and upwards 
above the sea, large rivers shrink into dry gravel beds, while at 
the same time the seaward face of the mountains which fringe 
the Bay of Biscay are clothed with verdure caused by perpetual 
rains ; this grand escarpment is broken up into the wildest and 
most precipitous glens, where the vapours rolling from the sea 
are caught and poured down with astonishing rapidity and 
volume. The character of this great condensation, as it were, is 
so marked that severe droughts are experienced on the inland 
side of the escarpment (5,000 to 7,000 above the sea) while 
within a very few miles rains are daily pouring down. These 
effects occur in a similar manner along the escarpment of the 
Bombay peninsula^ where the rainfall is from 80 to 150 inches in 
the year, while it gradually recedes to 10 or 15 inches m the 
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Deccan or dry country ; the same is to be traced on the coast of 
An*acan, and in California on the West Coast of America. The 
rainfall of the Western Highlands is remarkable, likewise that of 
the Lake district, as shown by Mr. Millar, of Whitehaven, in his 
papers published by the Eoyal Society.*' 

We have already remarked on the various circumstances and 
conditions which will form features in the description of survey 
now under consideration, and it will not fail to be observed that, 
added to the observations made with the help of rain gauges, it 
will be necessary to ascertain the quantity of water discharged by 
streams and rivers from a catchment basin which may be one or 
several valleys, generally bounded by ridges or high lands, and 
of a few or very many square miles in extent. This may be 
done by measuring the velocity of the current and the sectional 
area of the water, or by means of an overfall. The first method 
is generally adopted for considerable bodies of water, and the 
second for streams, across which it may be found convenient to 
construct a kind of dam or weir, in the shape of a notched board, 
which it will be our business to describe, after making a few 
general observations on this branch of hydraulic surveying. 

A heavy body dropping from a state of rest and from a height, 
in vacuo, falls through a space of 16 feet 1 inch in one second 
of time, at the end of which it has acquired a velocity of 32 feet 
2 inches ; in the next second it has fallen through 48 feet 3 
inches, s<^ that in two seconds it has fallen through 64 feet 4 
inchea 

If the time or seconds be represented thus . . . . l"" 2^ 3"" 
The spaces fallen through in each second will be, as 1 3 5 
And the spaces fallen through in the whole time, as 1 4 9 

Although, strictly speaking, this bears only on a heavy body 
falling in vacuo, it may be taken as sufficiently near for the fall 
of a body of water for practical purposes. The spaces fallen 
througli are thus as the sauares of the time^ and toe velocities 
as the square roots of the heights, and the height in feet through 
which a body falls x 64*3, wUl give the square of its velocity in 
feet per second. If the fall be one foot, thto V 64'3=8*02, is 
the velocity of the body through suck space. 

If we take a foot as the unit of measurement, and a second for 
the time, and if we put v for the velocity, and g for the force of 
gravity, we obtain the following algebraical formula : — 

v = J 2(/=^32'-2'x2 = 8'02; or, 
t;=^64'-4 = 8'-02; or, 

v = 2Jg^ 2Jl6m = 8'-02 ; 
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and putting h for the height of fall, we get 

V = 8*02 Jh (per second) and h = 

The force of gravity increases with the latitude, and decreases 
with the idtitu(& above the level of the sea ; and, according to 
the latest ezperiments^ it is now considered more accurate to 
write in our latitude— 

2Jg=z8'0B. 

If we now put a for the sectional area of a body of wat^r 
falling through an orifice or opening, and Q for the quantity, we 

shall have — 

Q=s803a^ft, 

or in words, the sectional area multiplied by 8'03 muUipUed 
by the eqiuire root of the height is equal to the discha/rge in 
cubic feet per second. 
And multiplying by 60, we shall get j>er mint^, 

Q = *8VSaJh, 

or in words, the sectiorial area multiplied by 481 '8 m,uUipUed 
hy the square root of the height equal to the discha/rge in cubic 
foet per minule. 

For measures in inches, per second — 

and per minute, 

- t; = 1668VA,'andA= ^^f^^^^ 

^ 2770222-8 

VeUnAiies vn inches per second may always be inwnslated 
vnltx> vdocUies infest per minute by multiplying by 5. 

Example. — Let the width of an aperture be 2 feety and the 
defj^Ui I Toot ; then the sectional area A, equal to 2; let h^ the 
height from the central* point of the aperture be 9 feet, ths 
square root of which is 3: then 8*03 a^A = 8-03x2x3 = 48-18 
cubic feet discharge j>er second ; or, 481-8 ajh = 481*8 x 2 x 3 
== 2890*8 cubic feet discharge per minute. 

The discharge obtained by the formula 803 ajhia called the 
theoretical or natural discharge, and can only obtain when there 
is no friction amongst the particles of falling water, or against 
the sides of the opening ; no reaction from the adjacent fluid, or 

* In order to obtain the mean velocit j. 
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when no contraction of the fluid vein arises from the water 
passing through the aperture. This last element plays a most 
important part as regards the quantity of water discharged 
through any opening, and in some cases diminishes it very con- 
siderably. It is well known that after passing through an orifice 
or opening, a vein of water undergoes a contraction at a certain 
distance outside the orifice, and that the correct computation of 
the quantity of water discharged depends on the ao(»irate value 
of the coefficient, which follows a law enforced by the contracted 
vein ; that which renders the correctness of tins value most 
difficult to attain, is that not only with any change in the con- 
ditions or form of the orifice, the coefficient varies more or less, 
but that it does also with any important alterations of the 
quantities of which it is to become a function. 

The following proportions between the contmcted vein and 
the orifice were obtained by Poncelet and Lesbros, during their 
experiments at Metz, during the years 1827 and 1828 : — 

Taking the English foot as unit, the side of the orifice was 
- 0'656 ; area ^ 0'43 ; the mean head (cha/rge moyenne) 
above the centre = 551. The contnKSted vein, measured at 
nearly a foot from the edifice, a distance of 1 j the length of the 
side, gave an area of 0*268, the square root of which is equal to 
a very little more than f of the side of the orifice. By the 
expression ''mean head," Poncelet means the depth of Water 
measured exactly in the centre of t&e orifice, and not anywhere 
in the sides, over which it differs from that at the centre. 

For a long time past it has been a subject of anxious investi- 
gation by experimentalists and philosophers, foremost amongst 
whom we may reckon the names of Michelloti, Yenturi, Bossut, 
Dubuat, D'Aubuisson, Prony, Oastel,' • Eytelwein, Young, 
Smeaton, Brindley, Hennie, and more lately, Poncelet, Lesbros, 
Boileau^ and Blackwell The large scale on which the experi- 
ments of Mr. Blackwell were conducted, have rendered them of 
the greatest value in practical application. 

Now suppose a board with a rectangular notch cut in it to be 
set up across a stream, so as to dam it back ; in some short time 
afterwards the water will flow over the notch ; setting aside for 
the present all other considerations, the velocity of the issuing 
water will be that due to its fall, or to the difference of level 
between the centre of the notch and the surface of still water 
some AoTi distance up the stream ; this velocity per second we 
obtain from v = 8*03 Jh, h being the difference of level or fall ; 
the issuing water assumes the form of a parabola, the sectional 
area of which is two-thirds of the circumscribing rectangle ; then 
if we take f of the width of the notch multiplied by h, the 
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height, we obtain a, the sectional area of the issuing body of 
water ; and thence we get, 

Cubic feet discharge per second =8*03 ^ f a x ^ A ; 
or 481'8 X I a X ^ A per minute. 

And if, instead of a notch open to the surface, the aperture were 
in the condition of the opening in a sluice, then under our pre- 
sent assumption we should take the whole of a instead of |, as 
the opening would be filled by the issuing water. 

But on account of the contraction of the fluid vein after its 
issue from the aperture, friction, and other causes mentioned 
above, it has been fully established that the above formula must 
be modified by being multiplied by some coefficient^ which con- 
siderably reduces the quantity shown as the theoretical discharge. 
As to the practical value of this coefficient, there is some difference 
in the opinions of engineers, a difference which is warranted by 
various conditions under which the best experiments have been 
made. This coefficient is called the coefficient of discharge. 

If we now return to the formula Q = 481*8 xa^ J h, and put 
C for the coefficient of discharge, we shall have, 

Q=481-8aVAC, . 

or, in words the quantity discharged in cubic feet per minute is 
equal to 481*8 multiphed by the area, multiplied by the square 
root of the fall or height, mflltiplied by the coefficient 

The following table from Mr. Blackwell's experiments will show 
how much the coefficient varies with the conditions attending an 
overfall : — 

EXPERDIEKTS ON THE KEKNET AND AVON CANAL. 

TaMe sJuywing the variationa in the coefficient for different 
heads of water in overfaU8, tlie head being measured to stiU 
water. 

Description of Overfalls. Head in inches. Coefficient C. 481*8 x C 

v^ 1 < Thin plate 3 feet long 1 to 3 *440 211*99 

^®- ^' i „ „ „ 3 „ 6 -402 193-68 

•501 241-38 

No. 2* < .. „ ,. 3 ,. 6 -435 209*58 

•370 178*26 



f » 10 ,* 1 „ 3 

>• 2« ^ ,$ }} ,t 3 „ 6 

V »• M >» " »» ^ 



Plank 2 inches thick, with 

T^^ „ , notch 3 feet long 1 „ 3 '342 164*77 

^°- ^' i „ „ „ 3 „ 6 -384 185-01 

- „ „ „ 10 -406 196-61 
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Defloriptiou of Overfalls. Head iu inokes. Coefficient C. 4S1*8 x G 

'Plank 3 inckes tkick^ witk 

noick 6 feet long 1 to 3 '350 17296 

No. 4. i „ „ „ 3 „ 6 -396 19079 

„ „ „ 6 „ 9 -392 188-86 

„ 9 „ 14 -358 172-48 

rlank 2 inckes tkick^ witk 

notck 10 feet long 1 „ 3 *346 166*70 

No. 5. -{ „ „ „ 3 „ 6 -397 19147 

6 „ 9 -374 1801 9 

9 „ 12 -336 161-88 

r Plank 2 inckes tkiok, witk 

No. 6. < notcklOfeetlongwitkwings 1 „ 2 '476 229*34 

L » „ „ 4 „ 5 442 313 95 

rOverf all witk crest ; 
J 3 feet wide sloping 1 in 12, 

No. 7. < Z feet long, like a weir 1 „ 3 '342 16477 

„ „ „ 3 „ 6 -328 158 03 

6 „ 9 -311 149-84 



L 






»» » >» 



I " 






rOverfall witk crest ; 

I 3 feet wide sloping 1 in 18, 
No. 8. -{ 3 feet long, Hke a weir 1 „ 3 '362 17441 

3 „ 6 '345 166-22 

6 „ 9 -332 159-96 

f Tke same sloping 1 in 18, 3 
No. 9. \ feet wide and 10 feet long 1 „ 4 '328 15803 

(. ,, „ „ 4 „ 8 -350 16863 

/ Overfall witk level crest ; 
V in 3 feet wide and 6 feet long 1„3 '305 14695 

^^- ^"- ■' 3 „ 6 '311 149-84 






»> » » «* i9 

if »> n 



No. 12. 



6 „ 9 -318 153-21 

f Overfall 6 feet long; 
No. 11. { crest level 3 feet broad 3 „ 7 '330 15899 

C » n » 7 „ 12 -310 149-86 

(Overfall 10 feet long; 

crest level 3 feet broad 1 „ 5 -306 147'42 

5 „ 8 -327 157'55 

„ „ „ 8 „ 10 -313 15080 

It is to be carefally remembered that the coefficient C in the 
above table refers to the formula^ 

4Al'SJhx a X C = Q> discharge in cubic feet per minutci 

and not to, 

481-8^/ix|axC = „ „ „ „ „ 

To take one example for the application of this rule, let UB 
suppose an overfall smulor to that of No* a in the above table, 
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consifiting of a plank 2 inches thick, with a notch 10 feet long 
for the &0W of the water, and let h^ the head, measare 4 inches, 
equal to 0*3332 of a foot. Then we shall have 

a = 10 X 0-3332 = 3-382 ; 
h = 0-3332, and V A = 0-577 ; 
Taking C = 0-397, we shall have, 

Q = 481-8 a V A C = 481-8 X 3-332 x 0-577 x 0397 = 368 cubic feet 

per minute, 
or, 

Q = 191-47 ajh = 368 cubic feel per minute. 

If we now for one moment set aside the effects of friction and 
other minor retarding pauses, and attribute the decrease from 
the theoretical to the actual discharge, to the cordracsUi veTia^ or 
contracted vein of the fluid, we shall see how necessary it is in 
many instances to apply a coefficient proper or suitable to the 
conditions of the overfall, and more paiticularly to the head of 
water, for had we in our example applied the coefficient '346 
instead of -397, we should have had only 320, instead of 368 
cubic feet. According to Mr. Beardmore's tables, we should 
have about 402 cubic leet ; he observes, however, in his ^^ remarks 
on the use of the tables,"' that " causes which may render the 
observation liable to error must be treated with judgment 
according to circumstancea'' 

If in the above table we compare No. 1 with No. 3, both 
the gauges bein^ three feet long, we shall perceive that in 
No. 1 the coefficient decreases as the head h increases, and 
attributing the difference to the contracted vein, or cantracta 
vena, we may possibly be led to conclude that this contraction is 
much more perfect or complete for the lesser depths. In No. 
St the coefficient increases with the head, from one inch up to 
ten inches ; here the aperture, or mouth, for the dischaige of the 
water, is two inches thick instead of a thin plate, and as the 
pressure increases with the head, or weight of water, this two- 
mch tube, as we may term it, does not appear to have the same 
effect in perfecting the contraction of the fluid vein as the 
thin plate. If we now look at No. 2, being an aperture of ten 
feet in length instead of three, and in a thin plate, we also re- 
mark this perfecting of the contracted vein as the head <^ water 
decreases ; we also observe that for heads of from one to three 
inches, the coefficient is greater in No. 1 than in No. 2, and also 
for heads from three to six inches ; this we may probably attri- 
bute to the efflfects of the sides of the notch on the issuing water. 
The plate in No. 2 being much Icmger than that in No. 1, these 



YALUE OP COEFF1CIBNT6. 251 

would be, with the same heads of water, a greater proportion of 
contraction arising from the effects of the sides due to No. 1 than 
to No. 2. 

If we now revert again to Na 3, the plank two inches thick 
and three feet long, we shall see that the coefficients for heads 
from one inch to three inches, and from three to six inches, are 
very considerably less than those for the same heads of water in 
the thin plate gauge (No. 1) of &e same length ; the two-inch 
plank being a short tube instead of a sharp edge, there would be 
a greater area for friction to produce retardation. Are we to 
attribute this important diminution in the coefficients in No. 8 
entirely to this cause ? 

Let us now take Nos. 3, 4, and 6, being the plank notches two 
inches thick, but of three, six, and ten feet respective lengths. 
By Nob, 8 and 4, we perceive that for heads up to nime inohee 
the coefficient increases with the head ; for greater depths than 
nine inches the coefficient decreases, at least in No. 4, and we 
may conclude the same for No. 8. Jt would appear to be the 
same for No. 5. 

Comparing Nos. 1 and 2 with 8, 4, and 5, there is not in the 
last three so great a difference of coefficient to be attributed to 
the difference of the lengths of the gauges as in the first two. 

We now come to No.. 6, a plank two inches thick with notch 
ten feet long, with WINGS converging towards the overfall. This 
last addition appears to play a most prominent feature ; the co- 
efficients are much greater than for the other plank gauges, but 
instead of increasing with the heads of water they diminish. 

The student is now in a position to be able to compare the 
remaining results of the experiments by himsel£ 

It will not fail to be remembered that in the foregoing pages 
we have always supposed h the head as measured to stiU water 
a little above the overfall, the velocity obtained being considered • 
as due entirely to the fall from this point. We must request 
the reader to keep this in view,' as we shall have particular occa- 
sion to recur to it presently. 

Before referring to Poncelet and Lesbros^ experiments, we 
have now to add another table from experiments made by 
Messrs. Blackwell and Simpson, at Chew Magna, and in which 
the coefficient C refers to the same formula as that mentioned 
above/ 

Ea^periments at Chew Magna. 

Description of Overfall. Head in CoeflScient jci.cn 

Overfall bar, 10 feet long. 
( 2 inches thiok 

No. 13. ] 



99 99 



indieB. 


G. 


«01 X \j 


lto3 


-437 


810-54 


.3 J, 6 


-499 


240-42 


6„9 


•505 


343-31 
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If these coefficients be compared with those at No 5, in the 
former table, where the overfall is similar, a veiy great difference 
will be perceived. 

We now subjoin two tables of experiments on overfalls, by 
Poncelet and Lesbros. The metre is equal to 3*2809 English feet, 
the decimetre = 0*328, and the centimetre = 0*0328. The litre = 
O'l of a metre. 

The total head, or the height above the fall to the surface of 
still water, was measured at a distance of 1 1*48 feet above the 
overfall; the notch cut to a sharp edge lined with metal, and 
bevelled at an angle of 45^, the sharp edge being towards the over- 
fall ; /(, the head to still water ; h!^ the depth of water immediatelv 
on Uie sill or edge of the notch ; the depths of water on the sill 
vary throughout the length, and the mean depth is their mean. 
This mean is found at the centre of the notch, o = A— A' ; o is 
equal therefore to the depression from the surface of still water 
to that of the issuing vein, and is termed the mean head ; E, the 
actual discharge ; d is the discharge in the formula of theoretical 

E . 

diachargey or d = l hj 2ghy or a Jig h; ^is put for the ratio 

of the actual to the theoretical discbarge. All the notches are 
two decimetres long, being very little short of eight inche& 

BEAD. 



Total head 
h 


Mean bead 


Batioof 


VelodtT due 

totae 
total head 


IMseharse per 

seconabf 
the formiua 


Actual 
dischaiige 


Value of the 
codBcfent 
or ratio of 


Metres 


tteties 


k h 

Metres 


Metres 


d 
Litres 


per second 
Litres 


E 

d 


0*2205 


0-20321 


0-9215 


20800 


91-728 


34-810 


0-380 


0-2075 


019072 


0-9191 


20176 


83-730 


32079 


0-383 


0-1 81 5 


0-16579 


0-9134 


1-8874 


68-513 


26-276 


0-384 


01795 


0*16387 


0-9129 


1-8768 


67-377 


25-873 


0-384 


0-1770 


0*16148 


0-9123 


1-8637 


66-975 


25-427 


0-385 


0-1753 


0-15985 


0-9118 


1-8542 


65-008 


24-861 


0*382 


01305 


011714 


0-8976 


1-6000 


41-760 


16-751 


0-401 


00735 


0-06341 


0-8627 


1-2008 


17-652 


7-234 


0-410 


00200 


002259 
0-1912 


0-7790 


0-7538 


4*372 


1-806 
32-643 


0-413 


0-2079 


0-9195 


2*0195 


83-971 


03887 


01C31 


01478 


0-9063 


1-7888 


68-351 


22-929 


0-3929 


0-1029 


00909 


0-8833 


1-4208 


29*240 


14-528 


0-3943 


0-0605 


00514 


0-8491 


1-0894 


13182 


6-277 


0-4003 


00446 


0-0368 


0-8253 


0-9354 


8*344 


3-356 


0-4052 


0-0236 


00176 


0-7468 


0-6790 


3191 


1-324 


0*4149 



In the above experiments, the greatest care was taken to ob- 
tain, as nearly as practicable, still water in the reservoir above the 
oveifall, the horizontal and vertical sides of which were, as already 
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stated, bevelled to an angle of forty -five d^rees, to obain a sharp 
edge, the sill was 1*77 of a foot above the bottom of the reservoir, 
and the sides at 570 of a foot from those of the canal lead- 
ing to the overfall ; considering, therefore, the length of the 
overfall, 0*656, it mi^ht be considered as entirely isolated, being 
only about -^ of the side of the reservoir in which it was 
constructed 

With regard to the experiments on the overfall on the Kennet 
and Avon Canal, Fig. 123 will give an idea of the circumstances 
attending it The area of the reservoir was 2a. 1b, 30p.; the 
head was measured from still water in it, which remained 
unchanged from the beginning to the end of each experiment ; 
the width at A B was about 32 feet, and at C D 13 ^et, l^low 
which the approach suddenlv widened, and then contracted to 
the overfall at O ; depth in front of the dam about 3 feet, and 
on the dam next the overfall about 2 feet, and the depth on the 
sunk masonry M, about 18 inches. " AltOjgether, the circum- 
stances were such as to increase the amount of resistances between 
the reservoir from which the head was measured, and the over- 
fall, particularly for the larger heads, and we accordingly see that 
the coefficients become less for heads over six inches, with few 
exceptions.'^ 

As to the experiments at Chew Magna, Fig. 124 is a sketch of 
plan and section of the overfall bar 10 feet long, which consisted 
of a cast-iron plate two inches thick, with a square top. The 
heads were measured from still water at the side of the reservoir 
and at some distance up in it The reservoir, averaging about 
4 feet deep, and of irregular figure, contained 21 perche& The 
supply came from an upper reservoir by a pipe two feet in 
diameter, with a fall of 19 feet ; the distance between the supply 
and the overfall was about 100 feet ; the width of the reservoir 
near the approach to the overfall was about 50 feet ; from the 
difference of the coefficients obtained here, with the coefficients 
from the Kennet and Avon canal experiments, it seems probable 
that there was some irregularity in the velocities of approach 
caused by the increase of supply. A comparison of the results 
with those obtained from the canal experiments will show the 
importance that should be attached to the velocity of approach, 
friction over the bed, resistances at the sides, and to forms which 
more or less isolate the overfall. 

The experiments by Foncelet and Lesbros ^re made on 
orifices closed at top in the manner of sluices, as well as on over- 
falls ; the following table of coefficients relate to the former. 
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Table of co^jioients^ from PonceUt a/nd Le9broe,for orifices in 
thin pUUes aunk below the aurfcuie. Width of the orifice 

» 0-20 metre. 







Hei^t of the Orifloes. 






Head on 














the centre 


m 


m 


m 


m 


m 


m 


ofibe 


0-20 


0-10 


0-05 


0-03 


0K)2 


OH)l 


orifioe. 














m 












0-01 


• •§ 




• • • 


• •« 


••• 


0*709 


0-02 






t < t 


• • • 


0-660 


0*698 


0-08 






• • ■ 


0-638 


0*660 


0*691 


0*04 






0-612 


0-64 


0^669 


0-686 


0-06 






0*617 


0*64 


0-659 


0-682 


006 




0*59 


0-622 


0-64 


0*658 


0*678 


0-08 


• • « • 


0*6 


0-626 


0-639 


0-657 


0-671 


0-10 




0-605 


0-628 


0-638 


0-655 


0*667 


0-19 


0-672 


0-609 


0-630 


0-637 


0*654 


0-664 


0-16 


0*585 


0*611 


0-631 


0-635 


0*653 


0-660 


0-20 


0.592 


0-613 


0*634 


0-684 


0-650 


0-655 


0-30 


0-598 


0-616 


0-632 


0*632 


0-645 


0*650 


0-40 


0-600 


0-617 


0*631 


0-631 


0-642 


0*647 


0-60 


0-602 


0-617 


0*631 


0*630 


0-640 


0-643 


0-70 


0*604 


0-616 


0*629 


0*629 


0*637 


0-6S8 


100 


0.605 


0*615 


0*627 


0*627 


0*632 


0-627 


1-30 


0-604 


0-613 


0-623 


0-623 


0-625 


0*621 


1-60 


0*602 


0-611 


0-619 


0*619 


0-618 


• 0-616 


2-00 


0*601 


0-607 


0-613 


0*613 


0-613 


0*613 


3- 


0-601 


0-603 


0-606 


0*607 


0*608 


0-609 



Va/rioMone of CoefficieTUs. — It will be observed firom the 
above table, how and to what extent the coeflScientB increaee 
with the ratios of the heads and of the sides to the width 
of opening. Some experimenters have found the increase 
to continue uninterrupted for all orifices up to the surfeu^ 
but this seems to hold only for depths taken at or near the 
orifice when it is square or nearly sa It has also been found 
that the coefficient increases as the orifice approaches to the ndes 
or bottom of a vessel : as the contraction becomes imperfect the 
coefficient increasea The lateral orifices A, B, C, Dy £, F, Q, 
H| I, and E, Fig. 126, have coefficients differing more or less 
from each o|iier. The coefficient for A is found to be laiger 
than either of those for B, C, E, or D ; that for O or E laiger 
than that for H or I ; that for H laiger than that for I ; and 
that for F, where the contraction is generaly least of all. The 
contraction of the fluid on entering the orifice F removed from 
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the bottom and sides is complete ; it is termed, therefore, general 
contraction ; that at the orifices A^ E, G, H, I, K, and D, is 
interfered with by the sides ; it is therefore incomplete, and 
termed parHal contraction. The increase in the coefficients for 
the same sized orifices at the same mean depths may be assumed 
as proportionate to the length of the penmeter at which the 
contraction is partial, or from which the lateral flow is shut off; 
for example, the increase for the orifice G is to that for H as o (2 
+ de : ae; and in the same manner the increase for G is to 
that for E as c d+de : o d. If we put n for the ratio of the 
contracted portion cde to the entire perimeter, and, as before, c^ 
for the coefficient of general contraction, we shall find the co- 
efficient of partial contraction to be equal to 

C+-09n* 

for rectangular orificea The value of the second term *09 n is 
derived from experiments. 

These remarks, and what has already been said, will be sufficient 
to assist the judgment in the selection of coefficients to obtain 
correct results as to the discharge from an overfall, so far at least 
as they are to be obtained, for the whole subject is for all of us 
still surrounded by many difficulties. 

When the spot from which the heads to the still surface are 
measured, is approached by the water with any degree of 
velocity, so that the surface is no longer still water, but in fact a 
current, it will be necessary to ascertain the head due to the 
velocity, and add the head thus found to the measured head or 
depth of water at the spot above mentioned. This occurs so 
often in stream gauging, when there is any considerable addition 
to the. body of the stream, that it requires to be attended to. 
Keference to Neville's Tables will give the head corresponding to 
certain surface velocities per minute, which will have to be added 
to the measured heads before any correct computations are made ; 
putting h for the head due to such velocity, the formula is. 

Discharge in cubic feet per minute = 481 '8 x x a x jKThf 

Exampla — Overfall 5 feet long ; A, the head measured at 5 
feet above the overfall ^ 0*666 ; vdocity of the current at from 
5 to 10 feet above the overfall, 20 feet per second; coefficient 
assumed at 0*505 ; K the head due to the velocityipf approach. 

481-8 X 0*505 or C => 248*31 ; a » 5 x 0*666 - 8*880 ; from the 
table of head' corresponding to velocity, K the head due to a 

• Neville's Hydraulios. 
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velocity of 20 feet per second = 0*0624 ; h ^ h} = 0-7284 ; 
JKT¥ =; 0-8532, and 

243-31 X 3-33 x 0*8532 = 691*28 cubic feet per minute. 

The table of discharges by overfalls gives the quantities accord- 
ing to the coefficient employed, for one foot in length of overfall, 
and irom one tenth of a foot to one foot and a half of head. For 
closer approximations consult Neville's work,* which should be 
in the hands of every student of hvdraulics, being the most com- 
plete work on the subject in the English language 

The means of measuring the velocity of approach, when 
sufficient to be taken into consideration, will be mentioned 
hereafter. 

We will now say a few words as to the erection of the overfedl 
boards for gauging streams. * It is very desirable, in the first 
place, unless there should be preponderating reasons for acting 
otherwise, to look for a run of the stream, where the banks are 
straight and even, as also the bed of the stream, and if there be 
a spot where the banks widen out so as to form a kind of basin, 
then just below will probably be a ?ood spot to construct the 
overfall or notched board, which should consist of 2-inch planking 
carefully jointed, with joints caulked, if necessary, so as to prevent 
leaking; when of any length it will require strong framing; 
in this boarding a notch is to be carefully cut, perfectly rectw- 
gular, and with dimensions carefully ascertained ; we prefer the 
length of this notch to be small rather than large in proportion 
to the width of the stream, but not sufficiently so as to create a 
velocity in the approaching water ; the edges of the notch to be 
carefully bevelled off to an angle of 45 degrees ; at the back of 
the upper angle, along the sill and vertical sides should be fas- 
tened a plate of smooth iron, filed so that its edges may coincide 
with the bevelled sides of the notch, and so that the whole notch 
may be smooth and sharp ; the metal not only completes the 
sharpness of the edges, but preserves it so for any length of 
time ; if omitted it will be found in a few months, more particu- 
larly after floods and frosts, that the edges of the unprotected 
timber become ragged, and interfere with the contraction of the 
fluid vein, more particularly with low heads. The depth of the 
whole of the planking must be sufficient to reach from the top 
of the banks, unless they happen to be very high, down into the 
bed of the stream for a depth of about a foot and sometimes 
more, according as this happens to be a sound loam or clay, or 
loose sand or gravel ; this is necessary to prevent leakage ; and 

* Neville's Tables, Coefficients, and Formulae. 
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it should be long enough from end to end to reach well into the 
banks of the stream. 

The setting up of a dam of this kind across a stream may 
appear at first sight a very easy matter, but in some cases it 
gives a good deal of trouble to get it properly done. Care must 
be taken that it be fixed at right angles across the stream, and 
that the centre of the notch coincide with the centre of the cur- 
rent The boarding being prepared and its position determined 
on, narrow trenches are to be cut down the banks of the stream 
and along the bed to receive it^ and it will generally be found 
advisable to have a heap of earth, clay if obtainable, well tem- 
pered and worked, ready at hand before attempting to fix the 
dam in its place, so that immediately it is done the earth may 
be thrown in, and trampled down in the fashion of puddle, before 
the stream dammed back has time to overflow the notch, or 
work its way in any quantity round the sides of the boarding ; a 
rough kind of timber apron should also be in readiness to jGuy in 
the bed of the stream in front of and well below the dam, to 
receive the fall of water as soon as it overflows the notch'; where 
there are any sluices above the overfalls, so that the water may 
be temporarily turned off, even if partially, this portion of the 
work may be considerably facilitated ; these sluices^might often 
be employed for gauging a stream, but they are generally badly 
built, and often ruinous in condition. When we have not been 
able to procure clay or loam for puddling in a sandy district, we 
have employed bricks and cement, but everything must be at 
hand and the work quickly done, and the apron laid on before 
the notch overflows. 

With regard to the level at which the sill of the notch is 
fixed ; the higher this is placed the better will still water be 
secured to measure the heads from ; but there are one or two 
conditions to be considered in connexion with thi& Where the 
stream runs along between steep banks, the sill of the overfall 
may be raised to a considerable height above the level of the 
surface of the water when the dam is set up ; but in meadow 
land, where the banks are not so deep, if the sill were raised too 
high, the first heavy rains would cause the water to overflow the 
banks above the overfall ; the level of the sill must therefore be 
established accordingly ; it is, however, very desirable that the 
sill be sufficiently raised to prevent its being easily submerged 
by any increase of water in the stream. 

A few feet above the overfall, a square post must be driven in 
the centre of the stream with the top level with sill of the pro- 
posed weir, which had better be don» before setting the weir ; a 
sharp feathered edge rule, some two feet long, divided into tenths 

s 
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aud hundredths, should then be nailed to the post, with its sero 
exactly level with the edge of the sill of the overfall ; this will 
have to be done with the spirit level ; divisions on the rule 
should be distinctly marked uxat they may be correctly read a 
few feet off. 

This rule gives the means of ascertaining the total head of 
water above the sill, minus that due to the velocity of the stream, 
when there is any sufficiently great to deserve consideration, as 
above mentioned. 

It will be better that the foot be adopted as the unit of mea- 
surement, as being much more convenient than inches ; where 
there are perhaps a dozen overfalls^ each to be gauged a great 
many times ocoasionally in the course of a day, as for iustance 
daring and after wet weather, it will be perceived that every 
facility that can be obtained towards readily effecting the calcu- 
lations is an object of importance. 



MEASURING THE VELOCITIES OF STREAM& 

Mean Velocity. — The greatest velocity in rivers and streams 
is along the surface of the greatest current, and gradually 
decreases towards the bottom and sides of the bed of the channel ; 
if we call the maximum velocity V, and the mean velocity v, 
then in many ordinary cases, 

V = 0"81 V for small channels, 
and V = 0'835 V for large channels, but not rivers formed l)y 
nature. 

Hychra/uMc Mea/n Depth — ^In pipes and streams the perimeter 
in contact with the water is called " the border;' the hydraulic 
mean depth is equal to the sectional area of the water divided 
by the border ; in rivers and streams the border consists of the 
bed and wetted sides of the channel ; with reference to pipes, the 
hydraulic mean depth is termed the mean radius, and for full 
pipes 10 found by dividing the area of the pipe bv its drcum-* 
ference ; for pipes flowing full ^^the mean radius ' is equal to 
half the radvue of the pipe. Where there are many aquatic 
plants, Girard considers the border should be multiplied by 17 
before dividing the area. 

Hyd/rauUc Indination. — This for streams and rivers will be 
&mnd with sufficient accuracy for all practical purposes by 
dividing the head by the length of dbimael, or, which is the same 
thing, taking the natural tame of the imgle of inclination of the 
warQie water. 
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Another rule for finding the mean velocity per second, is tp 
take 44 ^^ A mean proportional between the fall in feet in two 
English miles, and the mean hydraulic depth ; putting r for the 
mean hydrauUc depth/and h for the fall in one mile, tnen 

or multiply twice the fall in feet per mile by the mean hydraulic 
depth in feet ; extract the square root, and take ff of it for the 
mean velocity per second. This rule, however, rather gives an 
excess of velocity, and besides, it involves the necessity of ex-r 
tremely careful levels to find the inclination of the surface of th^ 
water, or the fall 

Unless under very favourable circumstances, the coefficient^ 
0*81 and 0'835 given above will also be found to give too great 
results in many casea Where a stream is shallow, when r, the 
mean hydraulic depth, will be small, where the bed is very «toiiy 
or covered with weeds, and the banks crooked, O'Sl may b^ 
reduced to 07 ; so that for small channels the coefficient will 
range between 0*81 and 0'7« 

The velocity of water in streams and rivers Ib ascertained by 
floats or by the current meter ; we shall mention the floats first 

Supposing that the mean velocity of the water is to be made 
the means of ascertaining the quantity discharged by a stream 
some few feet in width ; select as straight and clean a run a^ tbi9 
stream affords, and drive in a couple of stakes some distai|x?e 
apart, the length of which has been measured, and observe tb^ 
velocity by a float carried down by the stream from stake to 
stake ; this should be repeated a few times to obtain a mean \ 
when the float is laid on the water it should be a few feet abpv# 
the highest stake, in order that it may receive the impetus dw 
to the current at the first stake ; some persons prefer very Ugbi 
floats, barely touching the surface, but they fure very likely tp be 
affectsd by the least breath of wind. For such a case as the pre* 
sent we prefer a hollow tin ball about 1^ inch in diameter, painted 
white, and with a small hole that may be stopped with a peg 
of wood, so that sufficient water may be admitted to sink the 
ball to die surface of the water ; pieces of white wax have ^im 
been recommended. The surface velocity being obtained, the 
mean velocity is deduced from it in the manner we have men- 
tioned above; if the surface velocity be thus ascertained in three 
places across a stream, the one in the centre, aiujl the ott^iw luitf 
wfiy between it and the banks, then the central mean v^loeity 
may be multiplied by the greater coefficient for 9in«ll cbanneli^ 
unless very shallow and with rough stony bottom, wd the side 

s2 
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velocities by lesser coefficients, according to the state of the 
banks ; a mean transverse area of the water multiplied by the 
mean velocity gives the quantity discharged ; or, for the three 
mean velocities take the mean areas due to each velocity ; judg- 
ment will be here quite as u^ful as rules; a length of 15 or 30 
feet will be quite sufficient to gauge at a time ; calm weather is 
indispensable ; to check the calculations, repeat the operation on 
another lengUi above and below, carefully observing, however, 
that there are no drains running into them so as to increase the 
quantity of water, which would in all probability increase the 
velocity, unless some remarkable change occurred in the bed of 
the stream; we have sometimes seen drain-pipes running with 
such a full bore and impetus into a stream that the quantity of 
water was thereby considerably increased. 

The system of gauging streams by mean velocity is not so 
accurate as that by overfalls, but where time is precious or other 
circumstances miJce it advisable to resort to it, a veir tolerable 
approximation to the true quantity may be obtained if proper 
care is bestowed upon it ; where the proportion due to each of 
two streams forming a junction is to be obtained, observations 
must be made on each above the junction, and on the united 
stream below; the results obtained from the latter should of 
course be equal to the two former, unless there happen to be 
springs or drains to affect the quantity of water in the united 
stream ; many persons do not consider the measure of surface 
velocity satismctorily obtained until the distance between the 
stakes has been repeatedly traversed by the float in equal times. 

In gauging the discharge of a river, large or small, by the 
system of mean velocities obtained from surface velocities, we 
have to observe the same principle as above mentioned, but we 
shall have to proceed into more details accordingly as the im- 
portance of the river or its volume of water increases. 

Having selected as straight and fair a run as there is to be 
found, stake off eq^ual distances on both sides of the river, and 
at right angles to its course ; at each of the stakes set up a rod. 

Levels for cross sections of the river, some 15 to 30 feet apart, 
should then be taken on the lines marked out by these stakes, 
and another midway between ; and we always plumb the water 
first and stake out where the levelling staff has to be planted. 
From these cross sections the areas of the waterway may be cal- 
culated, and, if required, the area of the waterway may be 
divided into sections at a, 6, c, d, e. Fig. 126. The object of 
the three cross sections is to ascertain that there are no material 
differences between them as regards the form of the bed of the 
river, to obtain an average of tiie waterway from the three, and 
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also averages of the areas due to the sections into which each 
cross section is divided. From the cross sections on paper the 
lengths of the divisions a, b, c, d, and e, are taken, and these are 
staked off in the river ; iron-shod poles about 10 or 12 feet long 
are used for this purpose, which a boatman will soon drive into 
the ground ; midway between these the surface velocities are 
taken, by means of white tin balls, as we have just mentioned as 
regards streams, only rather larger in diameter, about three 
inches, so that they may be readily seen. We have thus the 
surfSce velocities for each of the sections into which each cross 
line is divided ; with regard to the coefficients by which each of 
these is to be multiplied to obtain the mean velocities, it is to be 
observed of the coefficients '81 Y, and *835 Y, mentioned above, 
that they are due for the surface velocities in the centre of the 
stream, and those by which the mean velocity of the whole of a 
stream, from the surface, water to the bottom, and from the 
centre to the sides or banks, is to be obtained where applicable. 
The greatest coefficient will have to be applied to the surface 
velocity of the section d, a smaller one for c, and less again for 
6, and the least for a and 6, where the friction will in every way 
be more marked in its effects. 

We prefer obtaining our mean velocities by direct experiments 
in the following manner, supposing we are stiU adopting floats, 
of which we take a couple, connected together by eyes and a 
cord long enough to reach from the surface to near the bottom 
of the water ; one of these we load sufficiently to sink nearly to 
the bottom, and to draw down the other, left quite empty, so 
that it is just perceptible on the surface ; the velocities thus ob* 
tained we take for mean velocities. The advantage of having one 
float loaded and the other unloaded, is, that the slightest ob- 
struction on the lower float, or on the Une, becomes quite per- 
ceptible on the upper one, in which case we reject the trial thus 
made ; after taking half a dozen satisfactory experiments, we take 
the mean for the mean velocity. 

Elliott's Current Meter, Fig. 129a, is a most useful instrument 
for ascertaining velocities, either a few inches below the surface, 
at the bottom, or at any depth between. A is a rod, by means 
of which the instrument is sunk to any required depth ; C, a vane 
consisting of four spiral wings, called the rotatoi* or fiy, the axle 
of which carries an endless screw which turns a toothed and 
graduated wheel, B, by which the velocity is indicated ; F is a 
portion of a plate by which the instrument is steadied in the 
course of the current* The constant due to each instrument must 

* The "Fly" is brought into action on the wheel by tightening the line 
which aets on the spiral spring, and the action ceases as soon as it is loosened 
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be ascertained by direct experiment, by drawing it through dtill 
water a oertain number of feet per minute, or submitting it to 
the action of a current, the velocity of which has been carefully 
ascertained. Massey's Patent Log, for measuring velocities at 
sea, is constructed on a similar principle ; the whole is contained 
within a brass wedge-shaped box ; there are three cogged wheels 
instead of one, acting on each other in such proportion that a 
total revolution of one completes a division of the next, or -a-V> 
a revolution of the next J, registering thus from 160 mil^ to 
tenths and decimal parts. It is towed astern bv a stout lead line 
of 60 fathoms. Mr. Beardmore says that he has had a current 
meter constructed with two wheels, the second having one tooth 
less than the first, and showing in its revolution about 1128 turns 
of the first ; this gives the power of leaving the instrument a 
considerable time under water, which is very desirable to obtain 
a good mean velocity. There are two -or three other instruments 
made for measuring velocities, but the current meter above de- 
scribed is now in general use in preference to any other. 

In connexion with stream gauging, it is generally of the 
greatest importance to ascertain the effect of rain on the dis- 
charge of streams, both as regards depth of rain and time. Where 
there are many overfalls and rain-gauges, and conseouently a 
great'number of observations to make during the day, tne opera- 
tion of gauging the depth of rain fallen by means of the glass we 
have described becomes troublesome, and takes up a good deal 
of time. At Fig. 129 is shown an addition to the rain-gauge, by 
which the depths of rain falling during a wet day may be ascer- 
tained with great facility ; it will be perceived that leading from 
the funnel to the reservoir R is a tube containing an inner one, 
the space between the two conveying the water from the funnel 
to the reservoir; to the upper part of the inner one is fixed a 
glass tube T ; the dimensions of the reservoir are made accord- 
ing to what we have already said about the gauge glass, so that 
any defined rise in the reservoir gives a corresponding depth of 
rain ; at the bottom of the reservoir is a float, which rises as the 
rain falls, and carries with it a very slender rod rising up through 
the inner pipe into the glass tube, which is graduated; the 
depth of rain falling is thus ascertained at a glance on the 
graduations above zero, with which the top of the rod coincides 
when the reservoir is empty. When the float is not in use, the 
inner pipe may be stopped up by means of a cork, so that there 
is but little room for the action of evaporation. 

It is generally also very desirable to distinguish the average 
flow of a stream from the flood streams, which is often diflicult 
io do. Mr. Leslie has proposed the following method :— 
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Tabulate the hangings in the order of their quantities, and 
di^de the nwnwer of observations into four equal parts, and 
take the least fourth for droughts and the highest for floods^ 
the average of the middle half is then obtained, and all quan- 
tities in the whole table above that average are set down as 
flood water ; next, all the gaugings not exceeding the average of 
the middle half are tabulated at their actual quantity ; but all 
that are above the average are put down as equiJ to tliat average 

Quantity ; the mean of the whole of the new table is to be consi- 
ered as a fair average of the water flowing in the stream, exclu- 
sive of floods. Mr. Leslie gives a table of a stream thus treated, 
which varied in its run from 1902 to 59,861 cubic feet per 
minute. Average of the whole was 10,231 cubic feet per minute ; 
the average of the middle half was 7,234 cubic feet per minute ; 
and the average quantity, exclusive of floods, was 5,830 cubic 
feet per minute. 

Having the depth of Rainfall in inches, to ascertain {he 
member of cubic feet per axyre. — Multiply the constant, 363, by 
the depth of rain in tenths of inches ; the product gives the 
cubic feet per square acre. 

Examples. — Depth of rain 4 inches, reqfuired the number of 
cubic feet per acre. 

363 X 40 = 14520 cubic feet per acre. 

Depth of rain 5^ inches, required the number of cubic feet 
per acre. 

363 X 55-0 = 19965 cubic feet per acre. 

Having the depth of Rainfall in i/nchesy to find the numher 
of cubic feet per squa/re mile. — Multiply the constant, 23232, by 
the depth of rain in tenths of inches ; the product is the number 
of cubic feet per square mile. 

With the depth of RainfaU in inches, to find the weight m 
toTis per squa/re acre, — Multiply the constant, 10128, by the 
depth in tenths of inches ; the product is the weight required 
nearly, with three places of decimals. 

To find the weight in tons per square mile from the depth 
of Rain in inches- — Multiply the constant, 64821, by the depth 
of rain in tenths of inches ; the product \a the weight required 
nearly, with two places of decimals. 

To find the power of a FaU in MiU^worh — Multiply the dis- 
charge in cubic feet per minute by the height of the fiedl in feet, 
and by 62*5, and divide the product by 44000 ; the quotient is 
the amount of horse power. In practice, a discharge of twelve 
cubic feet per second, with a fall of one foot, is taken as equal to 
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one-horse power ; therefore ibe number of cubic feet dischai^ 
per second^ divided by 12, and multiplied by the fall in feet^ is 
equal to one-horse power. 

Example. — ISO cubic feet discharge per second, with a fall of 
48*75 feet = 628 horse power. In the ordinary state of works the 
wheels are about filled to two-thirds, that is, two-thirds of the 
bucket are considered as filled to produce a useful effect ; and in 
the above, two-thirds of 528 = 352 horse power is about the 
useful effect. 
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LESTELLLSQ, 



Curvature.'^ The Dumpy Level , — AdjuslTaervts, — Levelling 
Staved. — The Dwnvpy Level, — Levelling Staves. 

If the earth were a perfect sphere covered with water, unaffected 
by wind or tide, the surface of the water would trace a surface 
parallel to the horizon in every direction, which surface would 
consist of an infinite number of level lines, all of which would 
intersect the radii drawn from the earth's centre at equal dis- 
tances, and at right angles to them. The tracing of sucn a line 
of any length on the earth's surface, or at any given distance 
from' it, would be setting out level lines. 

The practice of levelkng, in the engineering or surveying ap- 
plication of the term, consists of the ascertaining of the difference 
of level between any two places, or the differences of level between 
any number of places, whether in a straight line, or situated in 
any other manner on the earth's surfiGbce. 

Let A E B, Fig. 130, be a portion of the surface of the earth, 
with its centre at C ; let an observer be supposed standing at E, 
with a spirit-level in adjustment; tt' will' be the line coinciding 
with the axis of the telescope ; this line would be parallel to 
TET, at right angles to EC, aline supposed to be dropped 
from the station E' to C, the centre of the earth ; the true level 
line would be the curve a IShy parallel to A E B ; t lS!f is the 
apparent level, and a E 6 the true level line ; and the difference 
equal to a f , & ^, E'^ or ET is the sensible horizon, a E or E 6, the 
resl horizon ; but the visual line along the axis of the telescope 
produced is- distorted by the effect of refraction, and both these 
circumstances have been alluded to under the head of '^ Survey- 
ing Instrumental If the level between E' and 6, instead of being 
set out at once from K, had been set out, say at 10,000 stations, 
each time gradually nearing 6, then the apparent levels would 
have so nearly coincided with the true levels, that the differences 
would not have Been worthy of consideration. 
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This is exactly what obtains in the practice of levelling ; in ten 
chains, for instance, the combined allowance for curvature and 
refraction is only nine-thousandths of a foot, and ten chains is a 
tolerably long sight. As, however, instances may occur when it 
would be useful to apply it, we will give one example for doing 
so : — Let E in the last figure be a spot where a level is set up 
and adjusted ; on making an observation on a house seven miles 
off, the centre of the diaphragm intersects a window on the first 
floor of the house ; from the table of differences between the 
apparent and true levels for miles, the tabular number is found 
to be 28*01 equal to the difference of level, and the window 
which appeareu on the same level as the eye of the observer at 
the telescope, is in fact 28*01 feet higher ; but to find the dif- 
ference of level between the ground on which the observer is 
standing and the window, the height of the instrument above 
the ground must be added to the above correction ; let this be 
four feet, then 28*01 + 4 = 32*01 equal to the difference of level 
between the ground at the observer's station and the window in 
question. In the absence of tables, a convenient rule to remember 
is that two-thirds of the square of the distance in milesj is equal 
to the correction in feet. 

The practice of levelling is a very simple operation, but it is 
very certain that it is one of the most delicate the engineer has 
to perform, and demands the greatest caution and attention. 

We will first describe the levelling instrument, that is the 
*' level," and shall confine ourselves to that so well known as 
Qravatt's " Dumpy Level," being the one used by at least ninety- 
nine persons out of every hundred. It is shown at Fig. 130a. 
As much of what has-been said on the subject of the theodolite 
is applicable to this instrument also, our remarks will be shorter 
than they otherwise would be. As generally constructed for 
packing in its case, the " Dumpy Level ' consists of the telescope, 
the tube above carrying the spirit-bubble, or rather, the air- 
bubble in the spirit, with a small mirror and cross level attached, 
and of the compass-box under the telescope ; this is screwed on 
to the axis of the instrument vrith the parallel plates P P P P, 
and these again on to the tripod staff, the same as the theodolite. 
The spirit-level carries a diaphragm consisting of two vertical 
wires and one horizontal wire. The object of the small mirror, 
placed on the telescope and mounted on a hinge-joint when it is 
m use, is for the observer to be able to ascertam, at the same 
time that he is reading the levelling-staff through the telescope, 
that the instrument has remained steady in its position, by no- 
ticing in the mirror any alteration in the position of the bubble 
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with regard to the divisions engraTed on the glass tube; the 
small cross level is to assist in setting up the instrument approxi* 
matively by means of the legs only, by which a great deal of time 
is sarea, as well as wear and tear of the parallel plate screwa 
This cross level is always made much too short, the one we have 
attached to our level is six inches long, and we find it very useful 
in quickly setting up the instrument ; a steady motion, when 
adjustii^ to distinct vision, is secured by the mill-headed screw 
in the side of the telescope. The Uttle mirror we have mentioned 
is seldom used, but is nevertheless very useful in going over soft 
springy ground or in windy weather ; in boggy grotmd it is par- 
ticularly so, for here the slightest motion of the observer may 
disturb the instrument, which, by keeping the mirror in sight 
whilst observing, will detect the disturbance. The instrument is 
so constructed that the diaphrs^m is adjusted by means of the 
capstan-headed screw near the eye end of the telescope. The 
little lens attached to the compass-box is for reading off the 
graduations on the silver ring. 

As we suppose the reader has already studied the construction 
of the theodolite in former pages of this work, and will therefore 
have DO difficulty in fiilly understanding that of the level, we 
shall now give Mr. Qravatt's method of adjusting his level. 

" To Eaamime und Correct the OollvrMUion. 

I 

" On a tolerably level piece of ground drive in three stakes at 
intervals of about four or five chains, calling the first stake a, 
the second 6, and the third o. 

" Place the instrument half way between the stakes a and 6, 
and read the staff A, placed on the stake a, and also the .staff B, 
placed on the stake o ; call the two readings A' and F ; then, 
although the instrument be out of adjustment, yet the points 
read on will be equidistant from the earth's centre, and conse- 
quently level. 

*^ Now remove the instrument to a point half way between b 
and c. Again read off the staff B, and read also a staff placed 
on the stake c, which call staff C (the one before, called A, being 
removed into that situation). Now by adding the difference of 
the readings on B (with its proper sign) to the reading on C, we 
get three points, say A^, B^, and C, equidistant from the earth's 
centre, or in the same true level 

''Place the instrument at any short distance, say half a chain, 
beyond A, and, using the bubble merely to see that you do not 
disturb the instrument^ read all three staffii^ or, to speak more 
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correctly, set a reading from each of the stakes a, 6, c: call these 
three readings A'" B'" C^. Now, if the stake b be half way be- 
tween a and c, then ought C— C— (A*— A') be equal 2 fB*'— 
B'— (A"— A')]; but if not, alter the screw which adjusts the 
diaphragm, and consequently the horizontal spider-line, or wire, 
untd such be the case ; and then the instrument will be adjusted 
for collimation. 

''To admst the spirit-bubble, without removing the instru- 
ment, reaa the staff A ; say it reads A"", then adcUng (A*'— A") 
with its proper sign B' we get a value, say B'". 

'' Adjust the instrument by means of the parallel plate-screws, 
to read B'" on the staff B. 

" Now, by the 9crew attached to the bubble-tube, bring the 
bubble into the centre of its run. 

'' The instrument will now be in complete practical adjustment, 
for level, curvature, and horizontal refraction, for any distance 
not exceeding ten chains^ the maximum error being oidy y^Vir^^ 
of a foot 

''Example. — ^The instrument being placed halfway between two 
stakes, a and 6, (at one chain from each,) the staff on a or A' 
read 6*53, and staff on b or B' read 3*34, placing the instrument 
half way between the stakes b and c (three chains from each), 
the staff on b read 4*01, and the staff on c read 5*31. 

"Hence, taking stake a as the datum, we have 



Stake. 


^Above Datum 


a or A' 


0-00 


b orB' 


8i9 


c or C 


1-89' 



" The instrument being now placed at d (say five feet from a, 
but the closer the better), the staff on a or A*" read 401, on b or 
B"', 1*03, and on c or C, 307. Now, had the instrument been 
in complete adjustment (under which term curvature and refrac- 
tion are included) when the reading on staff a was 4*01, the 
readings on b and c should have been respectively 0*82 and 
212. 

" The instrument therefore points upwards, the error at b being 
0'21, and the error at c, 0*96 : now, were the bubble only in 
error (as is supposed in all other methods of adjustment), the 
error at c ought to be four times as great as at 6, but 4 x 0*21 
= 0*84 only, there is an error, therefore, of 0'95— 0*84 - 0*11 not 
due to the bubble. 

" For the purpose of correcting this error (and be it remem- 
bered contraiy to former practice, for this purpose only), we most 
use the capstan-headed screw at the eye end of the telescope, 
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and neglecting the actual error of level, we are only to make the 
error at b one-fourth that of c. 

*' After a few trials, whilst the reading at a continued 4*01, the 
reading on b became 0'75, and that on c, 1 '84. 

" Now 0-82 -0-75 = 007, and 2-12- 184 = 028. 

'^ And as 4 X 0*07 = 0'28, the telescope is now adjusted for 
collimation. 

" All that remains to be done, is to raise the object end of the 
telescope by means of the parallel plate-screws, until the staff at 
c reads 2*12, and then to bring the bubble into the centre of its 
run. 

"The operation of collimating, when once performed upon 
levels on Mr. Gravatt's construction, will scarcely ever need 
being repeated/' 

The instrument may also be collimated by means of a pool of 
still water, if large enough to have a couple of stakes, three or 
four chains apart, driven exactly level with the surface of the 
water ; the instrument should be set up about half a chain be- 
yond one of the stakes ; if the line of collimation is correct, the 
readings of the staff placed alternately on each of the stakes will 
be exactly the same ; if different, the instniment must be colli- 
mated in the manner already described. 

We must not omit to state that, in observing through the 
Dumpy Level objects are inverted, that is, everything is seen 
upside down. At first this has a disturbing effect on many 
persons ; but after a few hours it passes entirely away, and we 
should now feel at least equally disturbed on looking through a 
level to perceive any other result ; it is merely to read the staff 
downwards instead of upwards 

In almost all instruments it is very difiScult, and sometimes, 
practically speaking, almost impossible to make the bubble 
maintain the centre of its run, whilst the instrument is turned 
completely round on its axis ; that is, to use the technical ex- 
pression, to make the telescope reverse; a tighter or slacker 
connexion between the telescope and the parallel plate portions 
of the instrument, will often be the cause of it For this reason, 
therefore, and to prevent accidents, we must particularly i/mr 
press on the mind of the student the necessity of always turning 
the telescope to the right when reversing it ; if it were often 
turned to the left^ not only will it reverse all the more incor- 
rectly, but the telescope may get screwed off and fall to the 
ground. When the instniment will not reverse correctly, a mere 
touch on one of the parallel plate screws will bring the bubble 
bac)c to the centre of its run. 

ParaUax is also to be carefully attended to when levelling ; it 
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txiste when. on looking through the teleioope ftt a distant olgect^ 
and moving the eye sideways, or up or down, the wires appear 
to move. Qenerally a motion of the mill-headed screw in the 
side of the telescope, one way or the other, rectifies this, at the 
same time that it produces distinct vision ; at the same time it 
brings out the wires clear and distinct against the divisions on 
the levelling staff. 

In looking at our drawing of the Dumpy Level, it will be per- 
ceived that one of the parallel plate screws rests in a notch or 
groove on the lower plate. 

When setting up the level for use, we prefer to have this par- 
tioular screw over one of the legs of the tripod, and this leg we 
keep nearest to us in planting the instrument on the 'ground, at 
the same time we bring the eye end of the telescope towards as ; 
BO that in fiekct^ it is at right-angles to the position Shown in the 
drawing. We obtain with the legs an approximation of the 
bubbles to the centres of their runs ; we tnen fix the two legs 
furthest from us firm in the ground, and by means of the third 
leg moved backward or forwards, or sideways, as the bubUes 
nyiy appear to require, we get them so nearly in the centres of 
the tubes, that a touch or two on the parallel plate screws Mugs 
the whole into complete adjustment, as far as the bubbles are 
concerned. The next adjustment is for distinct vision, and to 
prevent parallax, which we need not repeat here. 

The tripod we always prefer to have made of fir, instead of 
mahogany ; stout, and six feet in length when dosed for carriage ; 
this length enables us to get a firm wide spiead when set up for 
use, and with such a stand there is less to apprehend firom the 
wind causing vibration of the instrument when observing ; when 
high, however, its effacts will be felt more or less ; theraore in 
windy weather wis avoid taking long sights as much as possible^ 
ten or twelve chains for instance, or em watch for a lull in the 
wind to do so. 

LevdUng Sta/vea. — The different descriptions and modifioar 
tions of levelling staves introduced at different times since the 
old vane^staff has become obsolete, and which we shall therefore 
not describe, have been almost innumerable ; that in use now 
was introduced by Mr. William Ghravatt, and a description of its 
principle of construction will enable the reader to make any 
modification of it he may please. This staff varies in length 
from 14to 17 feet ; it consists of three joints, and when stowed 
away for carnage, they are thrust down into each other, b«t 
drawn out when the staff is in use ; the bottom joint is about 
four inches wide, the whole length is divided into feet^ tentbi^ 
and hundredths ; the two first ace numbered, but not the laMer, 
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the first iu large^ and the tenths in smaller figures ; the figures 
of the feetf are often painted red, those for the tenths being 
always black. Figure 131 will save a lengthened description, 
and make the whme plainer to the reader uian words can pos- 
sibly do ; Fig. 131 shows the whole of one foot reduced to on»- 
fourth of the actual size ; and ISlA shows a little above and 
below one-tenth of a foot full size ; the figures for tenths are, it 
will be seen, entered alternately, when a staff thus jgraduated is 
observed through the telescope of the level, the divisions are read 
off by the observer himself ; but when it happens to be at a dis* 
tance of ten or twelve chains, every possible assistance is desirable 
to make the divisions more distinctly visible, and observe that 
here the figures are made of such lengths that at top and bottom 
they coincide with a full tenth of a foot, as 910, 0*20, 0*30, &c., 
which is in every case at the top of a black division, and 0*15, 
0*25, 0*35 at the bottom of a black line longer than all the other 
hundredths between the tenths ; and so it is with all the odd 
hundredths, the even numbers are at the top of a black line or 
band, and the odd numbers at bottom. It will also be observed 
that with the figures 3 and the 9, portions of them coincide with 
some particular hundredths ; when the instrument is not too far 
from the level, and the wires of the diaphragm are clear and 
sharp and free from parallax, it is very easy to subdivide the 
hundredths of a foot, and obtain such a reading as, for instance, 
1*325. Such readings are, however, by no means desirable for 
ordinary levelling, as they greatly increase the labour of casting 
out cmd redn^ng, which will be hereafter explained ; but occa- 
sionally for some hydraulic observations, as for instance, obtain- 
ing the faU of the surface of a river, it is extremely usefril to be 
aUe to read to such a nicety, and with short sights and the in- 
strument in thorough adjustment in all respects, it is quite pos- 
sible, as the reader will see, to obtain even closer readings of the 
staff than the above. • 

Attempts have been made to introduce more minute divisions 
on the staff, but they have not been successful, the result being 
that even at short distances the divisions became confused instead 
of being distinct 

The greatest £ftult that can be found with a staff, the joints of 
which, as the above, slide down into each other, is that the top- 
most joint hidcomes inconveniently narrow to receive the figures 
for the decimals, as well as those for the feet ; as, for instance^ 
12, 18, &C. ; after a little use, however, one gets aooustomed to 
this ; but when stowing away for carriage is not necessary, a 15 
and even 20 feet staff may be made of a pieoe of dean, well* 
seasoned wo6d, abont four intidies wida firoua top to hotUm, and 
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about two inches thick at the lower end, and taperinff to about 
half an inch thick at the top. A staff of these proportions, care- 
fully graduated, is a valuable instrument for nice work, though 
when longer than 1-5 feet, it is heavy to carry any long distance. 
For some hydraulic observations, such as taking levels across a 
deep river, a 20, and even 30 feet staff is used ; to obtain a hold 
at the bottom of the water, the foot of the staff is armed with 
three short prongs or points, which stick into the bed. A 16 or 
18 feet staff, of the width of the above, may also be made in two 
or three pieces, which are fixed one on top of the other by means 
of socketis, like the ferrules of a fishins^-rod ; for ordinary use, 
however, the staff made as first describea will be found the most 
useful and convenient. The manner in which the graduations 
and the figures either for the feet or the tenths are shown on the 
staff, is of too much importance to be in any way overlooked, for 
whilst at short distances everything may be very clear even on 
a staff graduated in an inferior manner, it becomes quite indis- 
tinct at some of those longer distances at which the value of time 
demands that observations should be made ; in the sliding staff 
we have mentioned, from the top joint being so narrow, it is in 
fact of the highest importance. It is a verv good plan, on the 
left hand of the column of graduations, to pamt the whole length 
of the feet alternately black and white, leaving, however, a ver- 
tical band of white three-eighths of an inch wide between the 
column of graduations and the alternately white and black 
border. This is certainly a considerable assistance in distin- 
guishing the feet On some staves the figures instead of being 
shown upright, appear sideways, which is a very good plan 
also where the width of the staff will admit of it 

We have already observed that the telescope of the level in- 
verts every object seen through it, and if the instrument is so 
situated that when adjusted for vision, the axis bears on a point 
near the grotmd where the staff-holder is standing, he appears 
turned upside down. This has a strange appearance at firsts but 
as said elsewhere, one becomes immediately accustomed to it, as 
it resolves itself simply into reading downwards instead of up- 
wards ; to remedy this, which some appear to consider so neat 
an inconvenience, the figures have been painted invertm on 
some staves, so that they appear upright when seen through the 
inverting telescope ; but we submit that this is neither on^ thing 
nor the other, the figures aeenfi inverted naturally lead one to 
read from the top downwards, which is the proper way, whilst 
the figures upright would lead one to read from the bottom 
upwards, which would be wrong. 

Having now given a description of the ^' lever' and of the 
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levelling-staff, we will enter on the subject of levelling. In Fig. 
132, let all the distances between the horizontal lines represent 
depths of three feet each, and let all the vertical lines be supposed 
as one chain apart. Let A be the level of the surface of still 
water in the pond A W, and let it be required to ascertain the 
difference of level between this point and that at B. Let the 
levelling-staff be held upright at A, and let the observer proceed 
with his level up the inclined ground, until he judges by the eye 
that the level when set up and levelled at 1, or rather the axis 
of the telescope, will intersect the levelling-staff at A and B ; set 
up the instrument, and level it roughljr at first, to see that it will 
do so, and then perfectly, and do this in the manner we have 
mentioned when describing the level. When the instrument has 
been levelled, turn the telescope round to A, alwavs turning 
round to the right instead of the left, and adjust mr distinct 
vision, that is, so that the wires of the diaphragm come out sharp 
and clear on the staff, and that they appear steady and motion- 
less when the eye is moved up and down before the eye-piece.* 
This done, look to the bubble to see that it has not moved, and 
if it has a little, then just touch either of the parallel plate screws 
to bring it back to the centre of its run; now read off the 
staff, observing whether the horizontal wire of the diaphragm 
intersects the staff at the edge of one of the black bands or 
stripes, for if in the middle of one of these, then half a hundredth 
will be a quantity in the reading. In our present case the 
drawing has been so arranged that the wire intersects exactly the 
top edge -f* of the staff, which is 18 feet long ; the reading will 
therefore be 18 feet ; had the wire bisected, say 1^^ hundredths 
from the top of the staff, then the collect reading would have 
been 17'985. Our reading, however, is 18 feet, which is to 
be entered in a note-book ; having made the entry, again look to 
the bubble to see that it has not moved from its central position. 
Signal the staff-holder, who will now carry his staff on to B. 
Now reverse the telescope so as to bear on B, adjust for distinct 
vision, which will be required on account of the distances B 1 
and A 1 being very, unequal ; examine the level as to any 
slight alteration in the position of the bubble, correct it as before, 
if required, and read off the staff at B ; the horizontal wire now 
intersects exactly the foot of the staff as it did before the top, 
and the reading will therefore be zero or nothing ; then B is 

* See ante what we haye said on the subject of *' Parallax." 
t In the staff we have described, this edge would be a brass plate one hun- 
dredth of a foot thick, always fastened on to the top of the stall as a means of 
drawing out the top joint mm the one below it. 

T 
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evidently 18 feet higher than A, correction for curvature, &c, 
being at present left unconsidered. 

Now let it be required to ascertain the difference of level be- 
tween the point C and the same point at A as before. The 
difference of level is too great for us to be able to ascertain this 
at one setting up of the level as last done, but it may be done at 
twice by setting up the level at 1 and 2, and the staff at A, B, 
and lastly at C ; the difference of level between A and B having 
been already ascertained, we have now to find the difference 
between C and B. With the level set up at the point 2, read off 
the staff at B, which is supposed not to have been moved from 
its exact position, but merely turned round, so that the figures 
may face the level at 2 ; let this reading be 15 ; signal the staff 
on to C, reverse the telescope as before, and read on the staff' at 
C, and let this be 0*75. Mad this residing been zero from 2 to 
0, as it was from 1 to B, then the difference would have been 
the total of the first reading from 2 on B, and we should have 
16 feet difference of level, and 16-f 18 would be the total dif- 
ference of level from A to C. But instead of zero we have 0*75, 
and exactly as the reading B subtracted from the reading A 
gave 18 for difference of level, so now the reading C=075 sub- 
tracted from the reading B=16, leaves 14*26 for the difference 
of level between and B, and 14*26 + 18=32-25, the difference 
of level between A and C. Let us now put d for the difference 
of reading between any two staves, and pursue our course on to 
E ; at 3 we shall have 16"75 minus 076, equal to 15'00; at 4 we 
shall have 1676— TOO =1475 ; at 6 we shall have the reading 
on D =s 4*00 and on E= 4*00 ; the two readings are equal to each 
other ; then there is no difference, and from E to D is a dead 
level. Let us now tabulate the above readings, calling B the 
first reading at each setting up of the instrument^ F the second 
reading, and d the difference between any two readings, which, 
as we have seen, gives the difference of level, and we shall have 



B 


F d 


18-00 


0-00 = 18-00 


is-oo 


0-25 = 14-76 • 


16-76 


0-76 = 15-00 


16-76 


1-00 = 14-75 


400 


4-00= 0-00 


68-60 


6-00 62-60= difference of level 


6-00 


between A and K 



62'60=:c2, or diff. of level between A and £. 
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Observe that by casting up the column dy we obtain the total 
difference of level between the points A and E ; also, that bjr 
adding up the columns B and F, and subtracting the lesser from 
the greater, we obtain the same result, the total of B minus the 
total of F being equal to d ; we might therefore have obtained 
the diflFerence of level without ascertaining the differences of 
readings between B and F each time. 

Observe also that in the above, the readings for which we have 
called B are Backsights, and F are called Fon^esighU; also that 
we have been ascending all the way from A to D, getting a rise 
at each set of readings from the instrument, and that the column 
for which we have put (2 is, as far as D, called Rise ; and in the 
columns B and F, the backsight, is each time greater than 
the foresight, which is always the case with ascending levels, 
and that the difference between the two gives us the entries for 
column d or Rise ; where there is no difference in the readings, 
as between D and E, there is also no difference of level, 
and neither rise nor fall, and therefore zero or a blank appears in 
column d, which in future we shall call by the technical term 
Rise, as also B and F, the Backsights and the Foresights. 

This much being thoroughly understood, let us pursue the 
levelling operation from E to F ; at the setting up at 6, the 
backsight reads 100, and the foresight 1800; the difference 
equal to 17'00, but instead of being a rise, it is a fall ; at 7 we 
find a difference of level equal to 12*00, also a fall, and at 8 
another fall of 12*00. Now if we were to enter all these in the 
column of rise, and add up all the readings, we should be adding 
rises and falls, and making no difference between the two ; and 
inasmuch as in ascending levels, we add all the rises together to find 
the total rise, so in descending levels, the fall mu^t be subtracted 
from the rise, to get the faU ; and if the total of falls is sub- 
tracted from the total of rises, we shall obtain the difference of 
levels between two points on which there may be any number of 
falls or rises, or which is the same thing — any number of varia- 
tions in the inclinations, up or down. 

An additional column is required in the field-book for the 
differences of the readings in descending levels, and which 
column is called " FsJl ;" the difference o? the readings will 
have to be entered in this coluTrm of Fall whenever the fore- 
sight is greater than the backsight In the same manner with 
regard to the totals of the backsights and of the foresights, 
whenever the total of the. first is greater than the total of the 
second, the difference of level will be a rise ; and when the 
total of foresights is greater than that of the backsights, the 
difference of level will be a fall. 

t2 
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The operation of taking out the diflferences of level at each 
reading and entering them in their respective columns, is termed 
coating outy in doing which the principal thing to remember 
each time is, that when the backsight is greater than the fore- 
sight, the entry is made in the column of Rise ; and when the 
foresight is greatest, then the difference is entered in the column 

of FM. 

At all times the differences of the totals of backsights and 
foresights is equal to the differences of the totals of the colunms 
of Rise and FaU, 

By referring to the above readings between A and F, it will 
be found that all the 

Backsights equal to 72*50 Total Rise equal to 62*50 

Foresights „ 5100 Total Fall „ 4100 

Difference of level 21*50 = 21-50 

The above "tottings up " are checks on the correctness of the 
casting ovi. 

If we now continue our levelling operations on to O, we shall 
find that G is six feet below A, the descending preponderating 
over the ascending levels. 

As yet we have only ascertained the differences of level, axid 
not measured anv of the distances as from A to B, to C, &a ; 
we are not theremre in a condition to make a drawing of our 
work, that is, " plot the section ;' but if at the same time that 
the levels are taken the distances from staff to staff are measured, 
we can then lay down the distances at which the differences of 
level occur ; from A to B the distance is 33 chains, and B is 
18 feet higher than A ; on to C the distance is 33 + 26 ^^ 59 
chains, and the difference of level 32*75 ; the chaining is carried 
on simultaneously with the levelling operations, and we get on 
to D and E ; the distance being measured up to every staff, and 
the difference of level ascertained, we can lay down the distance 
and corresponding difference of level on paper ; up to D we add 
to the heights all the way ; at E there is no difference of level 
from that at D ; but from E we begin to descend, and the differ- 
ences of level to be deducted all the way to G ; or, instead of 
rising we drop all the way from E to G when plotting the section 
as well as in the levelling. With the ruled paper in our example, 
and the figures above given, the reader will have no difficulty in 
plotting this section ; this method, however, is tedious and liable 
to error in the drawing, and in practice we arrange our figures 
so as to obtain such results that we are enabled to lay out all 
the differences of level as heights above a certain point In our 
example we have assumed the point A as the point of departure 
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for distances and relative heights of level, and we maj assume 
a line level with this point throughout the section from which 
to set oS the heights, oB, cD, &c. ; but on reaching G we shall 
have to set off a depth instead of a height : a negative instead 
of a positive quantity ; to avoid this, it is the practice to assume 
this imaginary horizontal line at such a depth below the start- 
ing-point that no such inconvenience arises, and so that all the 
horizontal distances may be laid down on this line, and from the 
distances all the levels plotted as heights above this line, which 
is called DatuTn, or the given line to the level of which all the 
levels throughout the section are relative. It may be assumed 
at 10, 100, 200, or any other convenient depth below a point 
from which the levels commence, which point should always be 
of a permanent character, and thoroughly well-defined, so as to 
admit of no mistake at any time of future reference. The 
arrangement of the figures which we have mentioned, so that 
the levels may all refer to this line, is termed reduction of levels, 
and in our example the whole will be tabulated in the following 
form, assuming our Datum to be 18 feet below our starting- 
point 

Datum 18 feet bdow Low-water mark 



Diataace. 


Backsiglit. 


Foresight. 


Bisc. 


Fall. Reduced Levels. 












18-00 


83-00 


18-00 


0-00 


1800 




36-00 


59-00 


15-00 


0-26 


14.-75 


• . . 


6075 


6800 


15-75 


0-75 


15-00 




65-75 


77-00 


1575 


1-00 


14-75 




80-60 


91-00 


4-00 


4-00 


• • . 




80-60 


98-00 


0-50 


18-00 


• •* 


1 7-50 


6300 


103-00 


300 


15-00 


• 
* • • 


12-00 


61-00 


108-00 


. 0-00 


12-00 


... 


12-00 


39-50 


118-00 


3-00 


16-50 


. . • 


18-50 


26-00 


128-00 


2-50 


16-50 


... 


14*00 


12-00 



In plotting the section, only the first column of distance and 
the last of reduced levels are referred to— the first for obtaining 
the horizontal lengths, and the last the vertical heights. 

The datum line might be assumed at any height above 
instead of below the starting-point, but we are not aware that it 
is ever made so. If it so happens that levelling operations fall 
in a hilly country, no information about the levels of which is to 
be obtained, and where perhaps several lines of level are con- 
templated to ascertain the relative merits of different lines, some 
at a high and others at a low level, it is often as well to assume 



278 PLOTTING THE SECTION. 

datum as 1000 feet below the starting-point ; it is esisy to take 
off 500 feet from the reduced levels if afterwards desired 

We must now make a few observations on the above method 
of keeping a field-book and the corresponding section. 

The distances apart are all a certain number of whole chains^ 
which is not likely to be the case on the ground, where not only 
differences of level between any given number of points are to 
be ascertained, but for the preparation of sections, all the un- 
dulations along the surface, so that this latter may be truly 
represented by the line of surface on the section ; and in order 
to make any small differences of level the more apparent on the 

i)aper, it is customary to plot the vertical heights to a much 
arger scale than the horizontal distances; thus a scale of 80 feet 
to the inch is often used for plotting the vertical lines, whilst one 
of 6 chains to the inch is used for the horizontals, and again 
scales of 30 or 40 feet to the- inch vertical against scales of 3 and 
4 chains horizontal. 

Whilst on this subject, we will refer to the ruled paper on 
which Fig. 132 is drawn ; it is called section-paper, and was 
introduced by Mr. Brunei some years ago ; it is not in general 
use except in his office ; but it certainly has many advantages 
over plain paper, inasmuch as there is no necessity of drawing a 
vertical line at right angles every time to the datum on which to 
plot the reduced levels, because it is already done ; neither is 
there any plotting of distances, as these are also marked on the 
section-paper according to the scale employed. The principal 
difficulty there is to contend with in using it is when joining the 
sheets end to end^ to make the horizontal lines coincide, and to 
get them to lay in straight lines; of course scales are not 
required with this paper, as it is already done to hand. When 
instead of the section-paper, the plain ordinary paper mounted 
on linen is used, the datum line is first drawn in« and from the 
" cockling " of the paper, often occasions some trouble to get 
straight ; on this line the horizontal lengths are first marked off 
in miles and furlongs, and the same written in ; after this the 
chain distances where the levelling staves were planted, from 
which verticals are drawn up from which to plot the reduced 
levels. 

Still referring to Fig. 132, it will be seen that the distances 
A B and B C are respectively 33 and 26 chains in length ; and 
that the backsight 1 A 25 cnains long, almost too great a dis- 
tance to read with accuracy, and requiring the instrument to be 
in a very perfect state of i^djustment ; besides this, however, 
where correct levelling is required, it will be necessary to take 
the correction for curvature and refraction into consideration. 
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In the tables for corrections of curvature and refraction, 20*00 
chains is the highest figure in the column of distances for 
chains, the correction being as the square of the distance ; take 
the correction due to 5 chains, which is '00224, and multiply by 
6^ = 26 ; the product will be '056, which will be the correction 
to apply to tne reading 1800 from 1 to B, which will reduce it 
to 17*94 ; the same method of proceeding may be applied to 
the backsight 2 B. 

But by always setting up the instrument about midway 
between the staves sufficient compensation for practical pur- 
poses is made, without any other reference to the subject ; by 
this midway setting up, any little mechanical defects in the 
level, either from construction or from its being out of order, is 
remedied so far that we need not be troubled by them ; by this, 
however, it is not to be understood, that by midway we mean 
exactly half the distance between the staves, because any such 
close approximation would in practice be out of the question ; 
what IS really meant is, that when the distance between two 
staves is very great, it is not desirable to set up the instrument 
so that there shall be an extreme disproportion in the distances 
between it and the stavea 

Intermediate Sights, — Instead of taking the levels alon^ the 
previous surface A, B, C, D, . . . . to Q, let us consider it as 
required to take the levels for a section along the line A, B, c, d, 
^9 ff fff K h ^' The level of B we have aheady found to be 36 
feet above datum; we set up the level at 11^ and the staff is 
planted at B, and we get for backsight 1*50 ; the staff is moved 
on to c, and we read for foresight 7'50, which ^ves a fall of 6 
feet, and distance 61 '00. Now to obtain the difference of level 
between c and c2, we might set up the level between, and so con- 
secutively along the broken ground between d and i ; but we 
may save much time under such circumstances by following 
another course. Now let it be carefully observed, that what is 
called backsight may just as well be termed first sight, and that 
foresight may equally well be termed second sights for they 
mean one as well as the other ; therefore, instead of moving the 
level from 11, after reading the foresight c, let the staff be 
moved on to c2, and the readine taken from 11, which will be 
13*50; the difference between the readings at (f and d is equal 
to 6*00, which is the difference in the levels as may be seen on 
the section ; then the reading, 7*50, whicb was formerly fore or 
first sight, has become back or second sight ; let it be entered 
as such in the column foresight of the level- book, and the dif- 
ference is a faU, for the foresight is greater than the backsight. 
Let the staff be moved on to e, and read off still from 11 ,; this 
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reading will be 4* 50 ; but 13' 50, the last foresight^ now in its 
turn becomes backsight, and the diflference, which is a rise — ior 
the foresight reading is less than the backsight — is equal to 
9 feet We may proceed exactly in the same manner on as finr as 
i, after which the level may be fresh set up where required, 
between i and F, to continue the levels onwards ; from A the 
level-book will read in the following manner. 

Datum 18 feet below Low-water mark. 



listance. 


Backsight. 


Foresight. 


Bise. 


TaU. 


Reduced LctcIs. 
1800 


33-00 


18-00 


0-00 


18-00 


• • • 


36-00 


6700 


1-50 


7-60 


• • • 


6-00 


30-00 


62-75 


7-60 


13-60 


• • • 


6-00 


24-00 


64-00 


13-50 


4-60 


9-00 


• • • 


33O0 


65-00 


4-50 


7-50 


« • • 


3-00 


30-00 


6700 


7-50 


1-50 


6-00 


• • • 


36-00 


69-00 


1-60 


4-50 


• • • 


3-00 


33O0 


7100 


4-50 


1-50 


3-00 


• • • 


36-00— (i) 



The above is the theory and practice of "Intermediate sights;" 
it is merely necessary to remember that the figures last read as 
foresight become the backsight to the next reading, as c the 
foresight to B becomes backsight to d, and d the foresight to c' 
becomes the backsight to e, and so on as far as i, ot as long as 
the leveWing instrument is not fresh planted. In practice it is of 
eminent service, as in taking levels over broken ground, across 
brooks, canals, rivers, or to obtain the details of the surface of a 
road, or indeed any other details as to levels when they are not 
far removed from each other ; by following it out, the time saved 
in fresh setting up of the instrument is often very considerable, 
and the student will do well first to impress the theory on his 
mind and then practise it. 

Bench Marks. — ^This is another subject which must be well 
understood before any levelling operations are undertaken. In 
Fig. 132, and according to what we have said before, we have 
commenced our levels from Low-water mark, and if in doing so 
we had no other defined mark than the surface of the water, we 
might never probably be able to find it again for future refer- 
ence, as for instance, to check the accuracy of our levels, or to 
level from the same point for another section, for low-water may 
and does alter from day to day ; but if we have started from a 
point permanently fixed, as for instance, a particular landing, or 
any other permanently established level, known as low-water 
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maxk, then we can refer to it at any time ; with reference to 
levelling operations, this would be a " Ibench mark/' Similarly, 
in going over some miles of levels for a section, or any other 
object, we are certain to require at some future period some per- 
manently fixed points, the levels of which may at any time be 
referred to without any matter of doubt ; they may be on or off 
the actual line of section, so that they are not too' far, and pro- 
vided they are to be readily found. Without such marks we 
should have to look for exact spots on the surface of the ground 
where the staff had been held, and no reliance could be placed 
on anything of the kind, in such an important matter as that of 
a level, where a few inches are certain to be more or less of 
great importance; but if at the same time that the levels have 
been taken over a line of country, the levels have been taken at 
the same time to the sill of a particular door or window, the 
level coping of a wall, the lower or upper* hook of a gate, the 
top of a milestone, or horsing-block, the root of a tree where a 
bench is cut for the leveUing-staff to be held, the up or down 
rail under the soffit of a bridge, at the north or south, east 
or west side, then we have so many defined points over which 
the levels may be again taken, and by such means the ac- 
curacy of former levels may be and are constantly checked. 
Therefore it should be remembered, that in taking a line of 
levels, it is of the utmost importance to take levels to some 
such bench marks, Qot at greater distances than a mile apart 
along the line, and nearer if convenient ; if not directly on the 
line, it is of no consequence ; no distance is measured to them, 
and they are merely noted as B. M. in the column of dis- 
tances, and described in the page devoted to remarks. This 
page is always the right-hand page of the level-book, the left- 
hand one only being reserved for the various columns of entries 
such as we have already shown. Bench marks are not to be 
plotted on the section, as they may be at any time referred to in 
the level-book. It does not follow from what we have said that 
such marks are always to be found exactly at the end or begin- 
ning of a line of levels ; they may be found some greater or 
less distance off, and eiUier at a nigher or lower level than the 
commencement of the line of section ; suffice it to say, that 
they must be found somewhere, or else such permanent marks 
must in some manner be firmly constnicted or sunk in the ground. 
For reasons to be explained hereafter, bench marks should be 
taken at every road crossed by the line of levela 
Staff-holder and LeveUing-staff. — We have already de* 

* The lower hook is generally preferred. 
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scribed the ooostructioii of the leyelling-staff; we must now 
make a few obseiTations aa to the method of using it, for as 
much care is required in doing this as the level itself. In setting , 
up the staff for observatioUi wit)i its face towards the observer, it 
should be held^^^mZy on the ground, and perfectly upright ; the 
staff-holder should stand facing the observer ; he would hold the 
staff close to him, with the foot ne^r his toes, and his hands on 
the sides of the staff, and not with his fingers across the face of 
the graduations. On level ground there is no difficulty in hold- 
ing the staff perfectly upright, but on sloping ground it is quite 
different ; if the staff leans at all sideways, it will not be parallel 
with the verticaZ wires of the diaphragm, and the observer 
signals right or left to the staff-holder accordingly; but if it 
leans from or towards the observer, he will not be able to discern 
this by the appearance of the staff; but the telescope will give 
the least reading upon it when it is quite vertical, tnerefore on 
sloping^ ground, when the staff is drawn out to two joints or to 
its full length of the three, the staff-holder should, as soon as he 
sees that the observation is being made, lean the staff backwards 
and forwards towards the observer, when the least reading will 
be the correct one, for the staff will then be perfectly upright 
The observation being recorded} the staff-holder, at a signal 
made, shoulders his staff, and goes forward to the spot where he 
is next to set up ; the same operation is repeated, and, unless in 
the case of intermediate levels, the observer moves forward next 
with his level, aud passes the staff-holder to get to the next spot 
where the level is to be planted. The staff-Jiolder will now have 
to turn the staff round with its face towards the observer, and it 
13 here that considerable care is required, for a careless man, or 
one who knows nothing about it, will very likely lift the staff 
with a clod of earth to it, and set it down again two or three 
inches from the right jiiace; an inch or two difference of level 
may thus be made ; this repeated occasionally throughout a line 
of levels, will render the whole of the observations worthlesa It 
will therefore be seen that it is of the utmost importance that 
the staff be replaced exactly at the same spot, and without any 
additions in the shape of earth attached to its foot This deserves 
far greater consideration than may at first ^ht app^r, in going 
through ploughed ground for instance. We have said at the 
beginning that the staff should be pressed firmly on the ground, 
and if in addition to this the staff-holder gives the staff a side or 
screwy pressure on the ground, it will prevent the earth from 
adhering to the brass-plate at the foot It will now be observed 
that if tne observer and his staff-holder are some eight or ten 
chains apart, a kind of freemasonry must be establish^ between 
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tbem, for it is only by signals thi^t the observer can make himself 
understood by the staff-holder, and therefore a set of intelligible 
signals must be established between them, about the meaning of 
which there can be no mistake, and which as the work proceeds 
the observer will have an opportunity of repeatedly explaining 
as he and the staff-holder pass by each other. 

When taking a set of levels to which more than ordinary care 
is being eiven, it constantly occurs that the horizontal wire in- 
tersects the staff more or less half way between the different 
small divisions on. the staff, when either thousandths must be 
recorded, or the staff-holder must be instructed to give the staff 
a smart rap on the ground, which will set this right by bringing 
the staff a little lower down. 

There is one particular precaution which, being carefully en- 
forced, secures the accuracy of position of the staiF for fore and 
backsights ; this is a thin substance of some kind placed on the 
ground for the staff to rest upon^ as then when the staff-holder 
turns round for the next backsight, it indicates where the staff is 
to be held. A triangular piece of sheet-iron, with the comers 
turned down and a stud in the middle, with a bit of chain and 
ring attached to carry the whole, has been used ; but it is rather 
awkward for the man to cany when dragging through hedge and 
ditch. We always use a large penny-piece, or a bit of slate, and 
satisfy ourselves that it is used by occasionally looking under the 
staff as we pass along; if neglected, a fine generally sets the 
matter right. 

Enough has been said to show the importance of a staff- 
holder's duties; and although men of humble position are 
generally employed for this work, when they are intelligent, it is 
surprising what a little trouble taken with them at the onset will 
do m fitting them for their work. A good staff-holder will not 
only give but little trouble as to the manner he holds his staff, 
but he will know exactly where to set it up, — ^he will understand 
signals readily, and often be useful in looking out for bench- 
mark& The amount of time saved by this means is often 
suiprising. 

When taking levels along a line of country having but little 
inclination, it is not necessary that all three joints of the staff be 
kept drawn out, two will be sufficient. This considerably dimi- 
nidies the staff-holder's labour, which must be fast, by decreasing 
the leverage, from the lesser length of staff resting on his shoulder. 

Along, a line of country where long sights may be taken, a 
very considerable amount of time may be saved by using two 
levelling staves instead of one ; but care is required in doing 
this^ and it should not be resorted to until the engineer or sur- 
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veyor has got accustomed to his work ; indeed it is only when 
he has got into the habit of levelling that he can do so with safety. 
In the first place he must ascertain not onlv that his staves are 
of equal length, but also that they are equally divided. In prac- 
tice it is carried out in the following manner : — At Fig. 132, let 
one staff-holder set up a staff at A, and let the other staff-holder 
set up the other at B ; as soon as backsight A is taken, a signal 
is made, and A runs on C, whilst the foresight B is read ; the 
observer moves on to 2, looks to see that C is in the right place, 
plants the level, and reads off backsight B ; he then signals B, 
who moves on towards D, whilst the foresight C is being read, 
and so on; but for intermediate levels the two staff-nolders 
would only lead to confusion, therefore as soon as we had read 
off B, we should send him on towards F, and only make use of 
A to hold the staff consecutively at c', d, e, &a, tmtil we had 
reached i, where we should leave him, and again make use of B 
for the next foresight between i and F, wherever that might 
happeii to be. 

Chaining ; setting out a Line of Levels, — ^The duties of 
the principal chainman, or follower, are as important as those of 
the staff-holder, for we must depend on him for distances, and 
therefore as to the correct position of the .levels. An error in 
chaining may vitiate a section as much as an error in levelling ; 
it may cause the total length to be wrong, or a reduced level to 
be shown in the wrong place. The chainman's duty is to give 
the distance from staff to staff, and also the distances to the dif- 
ferent fences, when the staff is not set up on either side of them, 
which is occasionally the case ; the distances to these fences 
should then be entered on the blank page of the levelling-book, 
which, as already observed, is devoted to remarks. It is of im- 
portance to do this, as then by means of the plan it is a check 
on the chainage, as given by the follower. Unless a very safe 
nian, he should never be allowed to proceed beyond the fore- 
sight staff, as this gives the observer an opportunity of reading 
the ch^nage himself as he passes onwards ; the chainman should 
be particularly careful to call out every ten chains, or change of 
arrows ; neglect of this precaution is sure to lead to fatal errors. 
In our remarks under the head of survejdng, so much has been 
said about chaining that further remarks are unneoessaiy ; the 
importance of the subject is evident enough, and where we can- 
not secure a good chainman we always chain ourselves, employing 
a man to carry our level as we go along. We may as well 
mention here that when pressed for time, it may be economised 
by employing a man to carry the level, and casting out and re- 
ducing in the field ; it is only, however^ where the surface of the 
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ground admits of lon^ sights that much time is saved^ and it is 
only after having had experience^ and with good assistants, that 
where time is very precious, this course is advisable. We prefer 
ourselves setting up the staff at every mile, and stop the chainage 
there to recommeDce for the next mile, and in the column of 
distances we enter the distance as so many miles instead of so 
many eighty chain& 

The subject of setting out a line of country along which the 
staff is to be set up, in order to take the levels, now demands a 
few observation& As a guide over the district, a set of tracings 
from the plan of the kmds through which the works proposed 
are to be carried, and on which the centre line is laid down, is 
taken into the field ; by means of these tracings it will be evident 
that the line along which the levels are to be taken may be 
easily set out ; to facilitate this, and to avoid the necessity of scaling 
in the field, it is customary to mark on the tracings the distances 
from neighbouring fences, buildings, comers of roads or fields 
near which the line crosses, always selecting on the plan or 
tracings the objects nearest to the centre line, as it then gives 
less trouble to measure off the distances in the field. If at the 
spots thus measured off ''whites'^ (that is cleft sticks with 
pieces of paper stuck in them) are set up, the line of levels is 
set out, except through very large enclosures proposed to be 
crossed by curves ; for these allowances must be made according^ 
to the deflection or bend of the curve ; and in sidelong ground 
this mudt be done with caution in proportion to the steepness of 
inclination. Of course we are not now alluding to a working 
section, the centre line for which would be accurately set out 
before the levels are taken. 

We hope that the above observations have sufficiently ex- 
plained the subject of chaining and setting out a line of levels. 

Longsights cmd Shortsighta. — This is a subject of some im- 
portance if extreme distances are repeatedly taken. If along a 
line of country having a very gentle rise, many backsights of 
some twenty chains in length were taken with corresponding 
foresights of only three or four chains, the correction for curvature 
would in the long run give a very appreciable difference of level ; 
but^ in the first place, these very long sights are very difficult to 
read off to the hundredth of a foot, even vdth a very good tele- 
scope, and with every pains being given to the adjustment of the 
eye-piece, and by the milled head to obtain distinct vision and 
destroy parallax. The reader may satisfy himself of this at any 
time ; a gloomy day, or a very bright sunshiny day make the 
difficulty all the more palpable ; in the second place, the instru- 
ment requires for such long sights to be in a perfect state of adjust- 
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ment ; in the third, there must not be sufficient wind to com- 
municate the slightest motion to the instrument. After being set 
up it requires to be levelled with the nicest care, and the staff 
must be held very steady and upright ; now the state of the 
weather may be very favourable, and all the rest may be 
obtained if sufficiently cared for ; but when the end is gained it 
is scarcely worth the trouble taken, for after all we shall only 
have saved one planting of the level. If the levels had been 
taken at twice mstead of at once planting and setting up, the 
same or better results would have been obtained, and not three 
minutes gained or lost either way ; perhaps, after all, the time 
saved will lay in setting up twice, for it is very likely to be found 
that after having walked the longer distance, a little wind 
causing almost an invisible motion to the level or even the staff, 
a very cloudy day, or the sun being in the same direction as the 
staff may prevent distinct vision, and it is found advisable by 
the observer to retrace his stepa It is true that it may so 
happen that it is not a niatter of choice, but one of necessity, as 
for mstance, in taking the levels for a section either across or 
along the bed of a river, or for a pier extending perhaps half a 
mile out to sea, or through marshy ground where it is difficult 
to find a spot sufficiently firm to plant the level ; but then in 
such cases, instead of the sliding staff we have described, and 
which is narrow towards the top, we always use one four inches 
wide from top to bottom, all m one piece, admitting of the 
graduations being much more distinctly marked, with the foot 
armed with three short spikes, which being pressed into the 
ground give the staff greater steadiness ; the level instead of being 
ten or fourteen inches long in the barrel of the telescope, mea- 
sures eighteen inches, with a proportionately large object glass to 
obtain greater clearness; the conditions and means are thus 
totally different, and according to their comparative relations, 
other results are obtained. We are alluding now to an ordinary 
line of levels, as for a railway, road, or cansd; and unless pressed 
bv circumstances, we seldom care for taking sights longer thui 
about ten chains, and then, with few exceptions, correction for 
curvature and refraction may be disregarded. 

There is another subject connected with long and short sights 
which is of greater importance, and that is a fault that some 
persons have in being over anxious to obtain the greatest range 
of level from staff to staff; that is, in ascending or descending 
levels, to plant the instrument so far from the staff as to try to 
catch the very top of it in ascending, or its foot in descending 
levels ; the consequence is, that aftior setting up, and partly level- 
ling the instrument^ they find the horizontal wire of d^e dia- 
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phragm perhaps a foot or a few inches either above the top or 
below the bottom of the staff accordingly as the levels are rising 
or falling ; thej are then obliged to ts^e up the instrument and 
go back for another plant, or have recourse to the dangerous ex- 
pedient of setting up the staff on a foot-rule to bring it within 
range of the level, or what is still worse, guess the difference 
between the top of the staff and the horizontal wire of the 
diaphn^m ; that is in the case of taking a backsight with 
ascending levels ;^ for in the case of backsight when going down, 
the observer would, under the circumstances we are mentioning, 
find the axis of the telescope intersect the ground below the 
staff, and must of necessity go back, which, after all, would b€ 
better than the very "rough-and-ready" remedv we have just men- 
tioned above. It will thus be seen that, taking all things into 
consideration, there is very little gained by this over anxiety to 
obtain very long sights, and sometimes it occasions a great deal 
of loss of time. It is better, safer, and more economical in the 
long run, to take care as you move along the ground that you 
do not go on so far as to be obliged to retrace your steps, and 
to plant the instrument at a rough guess in such a situation that 
you may be certain that when levelled the horizontal wire will 
come within a foot or two of the top or the bottom of the staff. 

When a set of very careful levels are required, as for instance, 
for a working section, where the line is stumped out at every 
chain's length, we never care about taking more than ten chains 
at a plant where the inclination of the ground admits of it. 
Betting up the level at about the fifth stump, so as to get five 
chains at farthest each way *, the instrument is then easily 
levelled, perfect vision obtained, and consequently a correct 
reading, and we distinctly see what the staff-holders and chains- 
men are about To those commencing levelling, we recommend 
to pursue this course of short sights and clear vision until they 
have acquired sufficient experience to determine for themselves 
the course to pursue under varjdng circumstances. 

There is another error which inexperienced observers are 
liable to make, and that is, to plant the level on the highest or 
lowest spot near them along a une of levela Now, inasmuch as 
in taking levels for the preparation of a section, we require to 
trace all the undulations of the ground, and particularly' the 
highest and lowest spots, it is the staff and not the level which 
should occupy such nighest and lowest spot of ground as we pro- 
ceed along the hue. 

In going over ground where the undulations are very numerous, 
we may on;en save a good deal of time by a judicious selection 
of the spot for planting the instrumcmt, so that ^e telescope 
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shall just overtop the high ground in the manner shown at Fig. 
133. The method of planting or setting up the level has 
already been described, and it will be made more fully intel- 
ligible if necessary by reference to what has been said about the 
theodolite, the principles of which, as far as setting up levels are 
concerned, are the same. In taking a line of levels, although 
it is necessary that the levelling-sta£F be set upon such line, it is 
not required that the level should be ; sometimes indeed it will 
be found advantageous to have the level to the right or left of 
the line, as a better range may sometimes then l^ obtained ; 
another observation on setting up the level is, that it is very 
desirable to do so in such manner that when taking the sights 
the telescope shall range in taking backsight and foresight over 
one pair of the parallel plate screws ; any little inaccuracy in the 
reversing may then be corrected by just touching one or the 
other of these screws ; this can only, however, be done when the 
level is planted very nearly on the line of levels. 

We have already explained the method of plotting a section, and 
need only observe that the forms in which such documents are 
to be prepared for public purposes may be gathered from the 
abstract of Standing Orders, published annimlly by Yacher and 
Sons, of Parliament Street ; with regard to manner, such as 
writing up and so forth, it will be understood from the section 
and corresponding plan for a railway at Fig. 134. We must con- 
clude this portion of our work by observing once more, to the in- 
experienced leveller, that the object of such a section is not only 
to find differences of level as to high and low ground, but also a 
faithful delineation of the surface of the ground, in all its undu- 
lations, bendS) and breaks, from one end of the line to the other ; 
at each of these spots^ therefore, the staff must be set up and 
read off from the level 

In going through a town, it will constantly occur that in con- 
sequence of the buildings, it is not possible to carry on a straight 
line of levels, nor to chain the distances ; in such a case we must 
level round the obstructions until we come to the various points 
on the line, and instead of entering the chainage, which we 
cannot obtain, in the column of " distance,'^ the name of the 
street, lane, road, or whatever it may be, is entered on the page 
of remarks ; if there happen to be raised footpaths or cause- 
ways, their levels must be taken^ as well as the centre of the 
rosui ; and a corresponding sketch, that is, corresponding to the 
lines of backsights and foresights, must always be enter^ in the 
page of remarks. 

The same thing m^ occur on a line where the engineer or 
surveyor is tum^ off an est<ate by an opposing landlord ; he 
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must leave a bench mark where turned off, and level round the 
obstruction, until he can return to his line on the next estate. 
The levels of the ground where the obstruction exists must be 
obtained afterwards, as best we may; we have done this at night 
bj the means of a lantern held near the staff, and another at the 
level, taking short sights all the way. 

Retrograde Levelling. — In the observations we have made as 
to casting out and reducing levels, and as regards bench marks, 
and referring to Fig. 132, it will be remembered that we com- 
menced our levelling operations from the point A, being 18 feet 
above datum ; from A to D we have ascending levels, and there- 
fore the backsights are greater than the foresights, and the dif- 
ferences in the readings of the staff are all inserted under the 
column '^ Rise -" from E to G this is all reversed. Let us now 
suppose that we are going to level from the point G to A, and 
that we have to reduce our levels to the assumed level of A, 
which is 18 feet above datum, without having any knowledge of 
the level of G above this datum line. Let it now be observed 
that in carrying out the levelling operations from Q to A we 
invert the former relations of the ascending and descending 
levels ; that which was a rise becomes a fall, and vice versa ; 
from G to E every difference in the back and foresight now 
gives a rise, and from D to A it gives a fall ; then the levels 
being only cast out, let us invert the order of things in 
reducing ; opposite the last level cast out at the bottom of the 
page, enter the assumed height of A above datum, and treat 
every fall as a rise and every rise as a fall, and thus go up the 
page or pages in this order, which a moment's consideration will 
show to be the right order in which to put the differences of th^ 
readings ; for though we have now levelled from G to A, and 
cast out accordingly, from the top to the bottom of the page, we 
are now about to reduce in the inverse order of this, and though 
the difference of level — as for instance from B to A — is a fall 
in casting out, it must be treated as a rise in reducma. 

Thus, then, in this retrograde work we cast out the levels in 
the natural order of things as we find them ; on reaching the 
extremity of the line we introduce in the column of reduced 
levels the assumed height of this point above datum, opposite 
or on a line with the last casting out, and in reducing we treat 
every fall as a rise and every rise as a fall, that is, we^ subtract 
the rise and add the fall Although at first sight this may appear 
contradictory, a little consideration will show that it is rationally 

perfectly correct 

But let us now suppose that we have a bench mark at D, the 
height of which above datum we know ; then on reaching this 

V 
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point from G the inverted order of reducing may cease, for if 
opposite the level cast out at this bench mark we insert its 
height above datum in the column of reduced levels, we shall 
only have to invert back from this point, and then from D to 
A proceed in the reducing on the usual system. 

We have plotted the Fig. 132 on " section paper," in order 
that the reader may satisfy himself — geometncally as well as 
arithmetically — as to the accuracy of this as well as in eluci- 
dation of the remarks we have made on ordinaiy levelling. As 
to the deUneation of the form of the surface from the levels 
obtained, it will be seen that this will depend on the number of 
the plants. For instance, if in levelling over the surface A, B, 
C, Fig. 186, we only planted the staff A, D, B, E, C, we should 
obtain from the levels for delineation of the surface the form 
shown by the dotted lines, but with about four more plants 
and a little feeling in drawing in the curves, we obtain the 
correct form of the ground ; nothing but experience wUl teach 
the extent to which this has to be carried under constantly 
vatying circumstances. 

Uro88 Sections, — ^The levels for cross sections are taken to ob- 
tain the inclination of the ground across the main line of levels ; 
they may be reauired merely for three or four chains on each 
side of the mam line, as for instance, at a road crossing; or 
the cross sections may be wanted of much greater length. On 
reaching a road of which a cross section is required, we level 
along the main line up to the road, and then, as we have said 
elsewhere, up to a bench mark, as the hook of a gate or the 
stumpi of a tree where the bench mark is cut, and opposite 
the entry of theB.M. in the level-book we insert XS., Ino. 1, 2, 
or 3, or whatever the number of the cross section may be. 
We then turn over the leaves of the level-book till towards 
the end, and proceed from the bench mark to take the levels 
and lengths along the centre of the road, to the extent required, 
noting the distance where the line of cross levels intersects the 
main lilie of levels, and there setting up the staff, and so 
obtain what we require. The cross levels being thus taken, 
we return to the main line, the levels of which we start afresh, 
commencing from the bench mark, which is in fact left there 
for this purpose, and continue our levelling and chaining as 
though we had not been interrupted. We cast out and reduce 
the levels from the datum of the bench mark, and, if con- 
venient for thfe plotting, lessen this height by any number of feet 
we please, but we always prefer in our level-book to have one 
datum throughout for each work. It is scarcely necessary to add 
that each set of levels for the cross sections is numberea to cor- 
respond with the number above mentioned as inserted on the 



CHECK LEVELLING, 291 

main Kne of levels. Tor a cross section of any length, as for 
instance, for half-a-mile or mile through the fields across the 
main line, we proceed in the same manner to avoid inverting iu 
reducing, unless indeed the line of cross levels is to be of great 
extent Before^ however, levelling to the bench mark, we drive 
in a stump on the main line and level to it, then to the B.M., 
and proceed next to set out the line of levels for the cross 
section, at right angles to the main line, unless it is shown to 
be required in any other direction on the plan, for it is necessary 
that, for such cross sections as we are now mentioning, their 
direction and lengths should be carefully shown on the plom, 
besides being mentioned on the main section as well as the 
distance shown at which they are taken; it is also to be observed 
of such cross sections as these, that they are generally plotted to 
the same datum as the main line of levels. With regard to the 
cross sections of roads, it is hardly necessary to mention, that as 
the levels are taken down the centre of it, they are understood 
to cross the main line of levels at the same angle as the road 
itself Whether or not these cross sections are plotted on the 
same sheet of paper as the main line, which is generally the case as 
regards those for roads, they are all carefully numbered according 
to the reference made to the main section, and sometimes on the 
plan. Besides the above, other methods are adopted in cross 
sectioning, but we consider that which we have given as the safest 
Check Levelling, the object of which is to ascertain the 
correctness of any particulaT line of levels, requires but very few 
observationa It has been understood from what has been said 
above that there is a B.M. at each end of the line, besides inter- 
mediate ones; let it be supposed that such a line has been 
levelled from end to end through fields, gardens, villages, Ac; 
the work is che(Jc levelled not necessarily by going over the 
whole of the line again, but by proceeding along the most con- 
venient roads or paths, from one end to the other only ; or from 
end to end, at the same time taking the levels to any vnter- 
mediale ben^h marks that happen to be near the roads, canals, 
riversj or other important positions that are crossed by the main 
line. Calling A one end of a line, and B the other, if we level 
from A to B by one route and then by another, and we find in 
both cases that the diflTerence of level is the same, then we 
have a right to assume that both sets of levels are correct. 
But if instead of levelling by any road whatever, merely from 
the B.M. at A to the B.M. at B, we proceed so as to take up 
some of the intermediate bench marks, and find all the difie- 
rences of levels the same as when the work was first dond, theti 
there will be still greater reason to be satisfied. In check 

V2 
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levelling the chain is not used, differences of levels and not 
distances being the objects sought ; in check levelling, more 
particularly when pushed for time, much longer sights are taken, 
but we have generally a better opportunity of making the back- 
sights and foresights approximate to equality. As the observer 
^o takes the check level is not alwajrs the same person who 
had levelled over the line, it is necessary that the first observer 
should leave some distinguishing sign at the bench marks, or 
else that he should enter a correct description of them in the 
level-book, so that the next observer should meet with no un- 
certainty on the subject Keeping in mind what has already 
been said about ascertaining the differences of levels, by merely 
casting up the backsights and foresights, and subtracting one 
from the other, it will be perceived that for check levelling 
it is not necessary to cast out and reduce, as we can obtain 
the required differences without ; but to prevent mistakes in 
the " tottings up," they should be gone over twice. Although 
the same description of field-book is used, entries are only 
made in the two columns of backsights and foresighta Let 
us suppose we have several pages of check levelling, and that 
at the bottom of the first pa^^e the backsights are greater 
than the foresights by 92*15, then the difference of level is a 
rise equal to this amount; to carry it forward to the next 
page it is entered at the top of the column of backsights, and the 
casting up again proceeded with as before ; had it been a fall it 
would have been entered at the top of the column of foresights. 

Trial cmd ExpUn^e Levels. — ^The object of trial levels is to 
trv how far it may be preferable to lay down a line in one part 
of a country instead of another, as by adopting one line instead 
of another we may avoid not only tunnels and viaducts, but also 
heavy cuttings and embankments, expensive road crossings^ 
bridges, &c., and all those heavy items which swell up an 
estimate to such formidable dimensions. For the purpose of 
taking trial levels, two or three and even more lines may be laid 
down on a general map of the country, and the salient points in 
the surface are levellea over, so as to obtain the general features 
of high and low ground, road, river, and stream crossings ; the 
little undulations or bumps along a rise or fall in the surface it 
is quite unnecessary to notice, because whatever line is adopted, 
a survey of the lands will have in the next place to be made, and 
a regular line of levels t^ken over it ; neither is it necessary to 
lay down the centre line with the same care in the field ; indfeed 
it cannot be done if ive have only a general map to guide us, as 
the scale of it will prevent our reading off minute dimensionSy 
and we must be directed by the corners or bends of roads, streams^ 
woods, buildings, &o. Care should be taken to leave bench marks 
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along a line of trial levels for the same purposes as those already 
mentioned, and more particularly on high and low ground, at roads 
and river crossings, and near aU points where another trial Une is 
shown to join on the general map. Besides, however, taking the 
levels along the different lines, one after another, the engineer 
may often do good service by taking levels to points off the line, as 
to objects to which he can refer on the map by lettering them with 
letters corresponding to those in his level-book ; even to objects 
at a distance of half a mile or a mile useful observations may 
thus be made, particularly if a description is added in the column 
or page of remarks. This may sometimes be done approxima- 
tively without sending the staff-holder on to such points, which 
might involve loss of time. For instance, in taking trial levels 
along any particular line, we may observe the windings of a road 
in the distance, and which windmgs are shown on the map by 
some feature or other ; or we may take the bearing of it by the 
compass, or by half a dozen ways explained in our remarks on 
surveying. Now We may turn the telescope of the level in such 
direction, and see whether we intersect with the horizontal wire 
the surface of the road, or a man's or horse's head, the top of a 
hedge row, some particular clump of branches springing out of a 
remarkable tree, the top or bottom of a door or window, the roof 
of a house or chimney stack Of the first of these we know the 
heights within a few inches, and the heights of the others may 
be measured at any future time, and we have thus the means of 
getting an approximation to the relative level of such road at 
those points as compared with the level of the spot on which we 
are standing. If there is no road there may be some farm build- 
ings, with labourers or cattle about^ or the corner of a wood, and 
many other objects near marked features on the plan, which a 
little ingenuity on the part of the observer will enable him to 
take advantage of. These observations may at times be of the 
greatest value, more particularly in a country of which the 
relative levels are not known, or only very imperfectly so. It is 
to be considered that in trial levels the minutiae of the surface are 
quite matters of secondary consideration, and that the objects 
Bought are the levels of the salient points in the formation of the 
ground. Trial levels are almost always plotted to a small hori- 
zontal scale, as three or four inches to a mile, and several lines of 
trial levels may be plotted from one datum line, as of course they 
must all be referred to one datum level. The lengths of these 
lines will all probably differ more or less, and consequently some 
-will be longer on the section than others. If they all begin or 
terminate at one point, such points of termination or beginning 
should be the same on the section. The surface lines of trisl 
levels so plotted must be tinted in different colours to distinguish 
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them oae from the other. For our own part, we do not like the 
system of plotting trial levels in this manner> for when the incli- 
nations or gradients come to be shown on them to try comparative 
merits, the whole often looks very confused. We therefore pre- 
fer to plot the whole of them on one sheet of paper, but on 
different horizontal lines, so as to keep the sections disUnct, and 
we tint each surface line of the same colour as that corresponding 
to the colour of the line on the general map. 

Working or Contract Section. — ^These documents only differ 
inasmuch as the second is prepared from the £brst to be delivered 
to the contractor under ms contract A perfectly correct idea 
may be formed of a working section from Fig. 136. The different 
manner in which it is prepared we will endeavour to explain. 
The horizontal scale to which it is plotted, instead of being 5 or 
6 chains, is generally 3 or 4 chains to the inch, and the vertical 
instead of being 80 or 100 feet, is generally SO or 40 feet to 1 
inch. At every crossing of road, river, canal, stream, brook, ^c, 
is inserted some remark as to the work to be constructed and a 
reference to the No. of the working drawing prepared ; this may 
be a special drawing as for a bridge, or a general drawing as 
for a level crossing and gates, or for a culvert according to the 
dimensions of the volume of water discharged by the brook. 
The different borings taken are also shown on the working 
section. 

We have already made some slight allusion to the levels taken 
for the preparation of a working section, but we will detail them 
here rather more at large. It is to be understood that the centre 
line is first stumped out from end to end, that is, a short stump 
about two feet long and two inches square is driven into the 
ground at every chain's length, except at junctions of curves 
where three are driven across the line, one in the centre and one 
on each side, and the two latter instead of being driven upright 
are driven in slanting. Some engineers drive these stumps level 
to the surface, and by the side of each a guide peg is left to point 
out the direction of the line, in which case where the levelling is 
carried on the staff is set up on every stump. Others drive the 
stump to within three or four inches of the top, and the peg is 
driven behind it down to the surface for the levelling-staff to be 
held upon it The advocates of either system are often very 
zealous for the one plan, but we do not believe that the matter 
is of the slightest importance. The centre line being thus pre- 
pared, the levels are not only taken over the surface at every 
stump or level peg as the case may be, but also over eveiy little 
undulation or break in the surface of the ground, and to the bed 
and surface water of every stream, and to the flood height where 
attainable. Every indication is iJso noted in the remarks that 
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may determine the diameter of the culvert Where roads are 
crossed levels are taken to the centre of the road, to the sides and 
to the footpath where there is any ; to the surface water in canals, 
to the bottom of the canal and the towing path. With levels 
thus taken a very faithful document may be prepared in the 
shape of a working section as giving a true representation of the 
surface of the ground. Levels are taken to a sufficient number 
of bench marks, and where none suitable are found ready, large 
square-headed stakes are driven for the purpose. In preparing 
the working section vertical lines are drawn in blue at eyen 
chain's length up to the surface of the ground, and on each 
vertical is written the reduced height above datum, not as read off 
hy scale, but from the column of reduced levels in the level-book, 
liie next operation is to lay down the gradients, the one repre- 
senting the surface of rail and the one below gives the average 
depth of formation below the level of rail, and is called " forma- 
tion." This being done, the height of formation above datum is 
caZcvZated from the inclination for every chain's length, and the 
difference between the reduced level to the natural surface and 
the level of formation last found is entered as depth of cutting 
or height of embankment at every chain also on the working, but 
not necessarily on the contract section. The inclination of the 
gradient per mile and per chain is also shown, the width of forma* 
tion and the slopes as 1 ^ or 2 to 1, or whatever it may happen to be. 
The nature of the borings are also shown. Fig. 136 will sufficiently 
explain the above observations.* 

Setting (mt Levels, — After what has now been said there will 
be but little difficulty in understanding this portion of our subject. 

An inclined plane is one inclined to the horizon, and by the 
term *'gi*adient, numerically expressed, we imply the proportion 
which uie height of rise or fall of the inclined plane bears to the 
length of the horizontal base of the incline, as 1 in 100, 1 in 200, 
1 in 300, are expressions which mean, that in 100 feet the rise 
or fall is 1 foot, uiat in 200 feet the rise or fall is 1 foot, &c &c. ; 
and by keeping 1 as a constant number, the various proport/ons 
which inclined planes bear to each other is better expressed and 
understood than by varying both expressions, or employing 
fractional quantities. Having to ascend or descend to a given 
point above or below the starting point, and along a given route, 
we shall know by levels and measurements the height of ascent 
or descent, and the distance by which the difference of levels 
will be regulated into one or more inclined planes ; for a short 
distance, and slightly undulating ground, this may often be done 
by one incline ; for any considerable length, more particularly in 

* For further information on this snbject the reader is referred to Bailwag 
CkmirucHim, by the author of this volume^ 
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a broken country, we shall find that hills and valleys, rivers, 
canals, and roads will compel us to consider these as guidinc 
circumstances, or we must encounter innumerable tunnels and 
viaducts, and disproportionate cuttings and embankments, expen- 
sive bridges, and other crossings ; but a well-regulated series of 
inclined planes graduated in a measure proportionately to the 
inclination of hill and valley, skirting along the one and skim- 
ming over the other, and reaching from height to height, enables 
us, by moderate works, and therefore at a moderate expense, to 
attain the desired end ; and generally the reaching from valley 
to hill, and hill to valley, the crossing of rivers and roads, the 
equalization of excavations and embankmenta, will be the exist- 
ing circumstances in compliance with which certain heights are 
to be reached, and by which the inclined planes, and therefore 
the gradients, will be determined. The working section will 
show a vertical plane passing along these various points, the 
relative heights of which have been ascertained by levelling, 
and their distances from each other being known, it remains to 
calculate the gradienta Let us suppose that at a distance 3 
miles 8 chains, there is an incline which is to reach from 161 '64 
above datum to 1 4*50 above a road, which is 6* 50 links further 
on ; the level of the road is 16r43 above datum, and 151*43 + 
14-50= 165-93 ; but 165-93 = 161*644 429, or the difference of 
level between a point we have reached on the section and one to 
be attained But 650 links are equal to 429 feet, and this di- 
vided by 4*29, the difference of level will give 1 in 100 for the 
fradient ; for 429 : 429 : : 1 : 100, or AB : BC : : DE : EC, 
ig. 137 ; therefore, in all cases, to find the ratio of inclination, 
or gradient, divide the length in feet by the rise or fall, and the 
quotient will be the answer ; but having the gradient, or ratio of 
inclination, it is also necessary to know the rise or fall per chain, 
in order to calculate the depth of cutting or embankment^ or 
rather the height of formation above datum, as this height, de- 
ducted from that of the surface above datum, will give the depth 
of cutting, whilst the deduction of the height of surface from the 
height of formation will give the depth of embankment, as at 2 
miles 10 chains 17170—1 6296 = 8*74, or depth of cutting ; and 
at 2 miles 12 chains 1 6428 -150-83 =1345, or depth of em- 
bankment To find the rise or fall per chain divide the 
difference of level by the number of chains in the incline, as 
4-29 -^ 6-50. 

6-50J 4-290 C -66 
3900 

3900 
3900^ 

0000 
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Therefore, to find the gradient^ or ratio of inclination, divide the 
length of the incline in feet by the difference of level And to 
find the rise or fall per chain, divide the difference of level by 
the number of chains, as shown above. 

The ratio of inclination of a plane, or the gradient, being 
given to find the inclination per mile, divide the number of feet 
in a mile by the ratio, as 

100J5280C62'8 per mile. 
500 

280 
200 

800 

The gradient being given, to find the inclination in a chain, 
divide 66 (the number of feet in a chain) by the ratio as for 1 in 
100, 66-5-100— 

lOOj 660^-66 
600 

600 
600 

Also, the gradient being given, to know the rise or fall per yard, 
divide 3 (the number of feet in a yard) by' the ratio, as in 1 in 
100, what is the inclination per yard ? 

100 J 300 (^-03 
300 

000 

And at any time, for any len^h, divide the length in feet by the 
ratio, as in 1 in 78, how mu^ in 12 ? 

78 J 120 (^ *15 (sufficiently near for practice) 
78 

420 
390 

In calculating the formation heights for the Contract section, 
from which, as before observed, the depths of cuttings and em- 
bankments are afterwards ascertained, the greatest care is re- 
quired in doing this correctly, for if, in this first step, an error 
be committed, it will be carried on into the depth of cutting or 
embankment, and the contractor working from such contract 
Bection may cut to a wrong depth, for which, in justice, he is in 
no way to blame ; to men of habits at all careful, this may almost 
appear impossible, but it is nevertheless, however gross the 
blunder, one of common occurrence. Suppose that at 2 miles 
33 chains, the formation height is marked 182*48 instead of 
181*48, which it should be ; now the heights for the springers 
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would be set out by reference to bench marks, when the arch 
might be turned to a heigjat of 21*41, instead of 20'41, making 
the crown of the arch 1 foot too high, for 181'48— 16107 = 
20-41; but 182-48-16107 = 21-41. It is hoped that the im- 
portance of a careful calculation of the gradients at every chain 
stake is now distinctly understood ; the ratio of inclination being 
ascertained, and the rise or fall per chain, every stump height 
will require to be calculated separately, and checked oy tens, 
twenties, &c., and in as many places as possible — ^the reader may 
rest assured, that for whatever trouble 20 or 30 miles of such 
calculations may give, he will be most amply repaid by ease of 
mind on this important subject during the working of the con- 
tract. From formation height 161*154, before referred to, we have 
an incline of '66 per chain for 7 chains ; and -66 x 7 + 161-64 = 
166-26; but 161-64-^-66 = 162-30+66 = 162*96 + -66 = 163-62, 
and so on until we have 166*26 at the 7th chain, if no error be 
made ; on an incline of a greater len^h we check these results 
by multipl^ring the rise or fall per cham by 10, 20, 30, Ac., which 
is very quickly done, and examining the 10th, 20th, or 30th 
chain stakes taken at different places. This being gone through, 
it only remains to get the depm of cutting by deducting forma- 
tion height from the surface height, or the reverse, when we get 
the hei^t of embankment 

The section being prepared so &r, we should, as soon as the 
works of construction are determined on, insert notes from the 
working drawings or otherwise, of the angles of skew at which 
the line crosses roads, canals, &c., the spans of arches on the 
square and skew, the rise of the arch, the de{)th of arch stones, 
ot puddle, if any ; also, if the works be on an inclined plane, the 
rise or fall from centre to centre of piers ; memorancb also, of 
nearly similar nature, should be made of girder bridges, culverts, 
drains, and other works occurring along the line. These remarks 
are more than necessary, because, when on the works, the draw- 
ings, when required, are often mislaid, or partiallv defaced or 
destroyed; it must be added, however reluctantly, that the 
tracings with which contractors and sub-contractors are supplied, 
ajre often wrongly figured, and the site of construction, amidst 
the moving to and fro of masons, labourers, and 'navvies,' is not 
the place where such errors mav be most readily detected and 
corrected. The acting engineer always aflSxes his signature to the 
working drawing, but not always to the tracings, the correctness 
pf whicn Is often entrusted to a confidential office assistant, but 
who, from want of field practice, is not always aware of the value 
of correct figures ; it will be found advantageous, and only con- 
sistent with duty, to compare the copy of contract works with the 
office original* 
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The contractor is supplied with a copy of the contract section 
of the intended line of railway, or any portion of it, the perform- 
ance of the works on which is entrusted to his execution, and if 
the levels are set out by his agents, the engineer has but to 
check them, a simple matter merely demanding correct levelling ; 
but he may have to set out the bed moulds, which should be 
done in the following manner : — take Fig. 137 for a cutting to 
be worked from both ends. At stump, 2 miles 27 chains, we 
are to have for formation 176*41 above datum, and the height 
of surface is 174*05; plant the level at a convenient point, and 
direct the levelling-staflf to be held on the level peg at 174*05, 
and read oflF, say 700 ; but 176*41-174*05 = 2*36 for height of 
embankment, and 7*00—2*36 = 4 64 ; now if the staff be raised 
until we read through the telescope 4*64, it is very evident that 
the foot of the staff will be held at 2*36 above the surface, or at 
176*41 above datum, or formation height ; next, direct the staff 
to be moved alons the nick or centre line, and towards the cut- 
ting, until we read off with the level 4*64 again, we shall then 
have found along the nick a point exactly level with the intended 
formation height at 176*41 ; but our gradient is 1 in 78, or -846 

{>er chain ; the formation therefore at the point sought will be 
ower than 176*41 by 1 in 78, according to the distance from 
176*41 ; let this distance be half a chain, the formation height 
will then be 176*41 — ^ = 175*99, or 42 lower ; and if we add 
this *42 to 4*64, we shall have 5*06 ; move the staff nearer until 
with the level this depth 5*06 be read off, when we shall have 
the desired point ; for if when we first read 4*64 the foot was at 
formation height, as we hope is evident, .by adding to it 42, and 
reading off 5*06, we have a point '42 nearer to datum at half a 
chain distant, and therefore parallel with the incline ; at this 
point found, drive in a stout stake, until on reading off the staff 
we have 506, and another at 176*41, until we have 4*64, and we 
shall have two stakes at the required formation height half a chain* 
apart, and by boning from these two heights any tolerable exca- 
vator can direct the formation of the bottom of his cutting until 
fresh levels are given. Boning is performed with boning rods, 
which exactly resemble y squares, in the following manner : — 
let A and B, Fig. 138, be two stakes driven to a certain depth, 
and according to a given inclination ; if on both of these stakes 
boning rods, of exactly equal lengths, be held perfectly upright, 
it is plain that the tops of these will be parallel to the incline, 
and if a third rod be carried along the intended slope, the top of 
it will be in line with the top of the other two, if me incline be 
correct ; if it is above there will be more to cut away, and if it 
is below the excavation will have been made too deep; this 
method is certainly but approximate, but quite sufficient to guide 
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the excavators for a time. As another example of setting oat 
the bed moulds, we will take the other end of the cutting. Fig. 
137. At formation 165*60 we have the surface height of 161 SO, 
and therefore a bank of 3*80 ; plant the level, and then set the 
staff on the level peg, and read off, say 9*50; but 9*50— 3*80= 
5*70, and if the staff be held up until such depth be read oS, 
then again will the foot of it be at the formation height at this 
point ; move the staff alone the centre line until tUs 5*70 be 
again read off, and we shall have a point level with the intended 
height of embankment; but the gradient here being 1 in 100, 
the new point sought must be higher in that proportion, as we 
are now rising, and the distance is 52 feet ; for this distance the 
rise will be '52, and as we are rieing, be it remembered, we 
must deduct '52 from 5*70, when we shall have 4*18 ; by moving 
the staff along the nick until from the level we read off 4' 18, we 
shall find the new point for formation, at which drive in a staka 
Under no circumstances should this part of the work ever be 
considered as completed until carefully checked, which should be 
done by carrying on the levels to the nearest P.P., or permanent 
post 

The incline for the cutting being given, will be, however, but 
an indifferently approximate guide for the height of an embank- 
ment, particularly if of clay and tipped in dry summer weather, 
for under such circumstances, such an embankment may settle 
one-fifth of the height at which it is first formed; let Fig. 139 
be a sketch of a cutting and an embankment, in which suppose 
A B the inclined plane, and the required formation height at B C 
to be 22 feet ; if the etnbankment be formed at once to this 
height, and the above mentioned settlement before perfect con- 
solidation takes place, and it will not be much less,- the general 
height will be something like A D, and will require reforming ; 
it is therefore absolutely necessary to keep the bank high in pro- 
portion to the expected settlement, whatever may be the material 
of which the bank is formed, and a near approximation of the 
depression may be verv easily ascer&ined a few weeks after the 
tipping has commenced, due allowance being made for extremes 
of weather. At 1 chain from the cutting we have embankment 
height of 8 feet ; as soon as the tip is formed beyond this point, 
ascertain the hei|[ht by levelling ; a few weeks after, the depres- 
sion from the weight of the earth and that of the loaded waggons 
may be ascertained by levelling again, when an approximate 
ratio of settlement will be determined, by which the formation of 
the embankment may be directed. 

Viaducts and bridges are works which require the greatest 
accuracy as regards levels, and an error of this description is un- 
pardonable, as attention and care are all that are required to 
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carry the construction to the proper height ; settlement in the 
masonry will of course take place, but unless the work is very 
bad, or the foundation viciousf, the difference of level occasioned 
by this settlement will be immaterial : by attending to the fol- 
lowing advice the heights of the crowns of the arches will be 
found to be perfectly accurate. Let A B, Fig. 140, be a gradient 
of 1 in 100 along the eztrados of a set of arches of 13 feet span 
and 13 feet rise, with voussoirs 2 feet thick; the piers up to 
springii^ must all be built up to a height of 13 + 2 below forma- 
tion, that the line under the springers may be parallel to forma- 
tion. Let formation at A be 24000, surface height 245*00, or a 
catting of 5 feet ; near this a permanent post, or B.M. 243*69, or 
3*59 above formation at A ; plant the level and let the staff be 
held on the B.M., read off, say 5*25 ; send the staff on to A, or 
to 6, which will make the work much shorter, and this point 
may be pretty nearly ascertained by the eye ; supposing the staff 
therefore at or near this latter point, read off, say 8*00 ; 8*00— 
5-95 = 2*75 fall, and 243-59-275 = 24084, or 84 higher than 
240*00, and also, therefore, *84 hi|;her than a point level with the 
required formation ; now by moving the staff lower down, so that 
8*84 be read off, we shall nave a point level with formation at 
A, for 8*84-5*25 = 3-59 fall, and 243*59-3*59 = 240*00. Now 
measure the distance from stump 240*00 to the point where the 
staff was last held, and say it is 15 feet ; the inclination for this 
distance being *15 rise, the required height for formation will be 
240*15; but the height of B.M. is 243*59-24015 = 3*44, and 
when the staff is held on the B.M., we read from the level 5*25 1 
add to this 8*44, when we get 8*69. Now drive in a stout stake, 
iron hooped, at the said distance, until the staff being placed 
upon it we read off 8 69, and it will be at the required height^ 
for 8*69-6*25 = 3*44 faU, and 343*59-3-44 = 240*15. It has 
been already observed, that a line drawn along; the tops of the 
piers and abutments under the springers must be 15 feet below 
formation height; now it will not be sufficient to deduct this 
15*00 from 2^*15, giving 225*15, and drive in a stump at that 
height^ because we cannot do so vertically under b, and at c an 
allowance must be made for the inclination of the gradient cor- 
responding to distance. But by levelling from b oownwards to 
c, we can find the height 225*15, which wul be level with a point 
15*00 below b ; measure the distance from A to c, call it 30 feet, 
the inclination for which being *30 we shall have 340*30 for 
formation at this point, and 240*30—15*00 = 225*30, to which 
height drive in a stake as before, and then check by levelling 
back to B.M. 243*59, which height exactly we shall get if the 
work has been done correctly. Irom the appearance of Fig. 140, 
the reader may be led to thmk that the above mentioned stakes 
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are driven on the centre line, but as in this position the exca- 
vators would dig them up, they are driven in some 15 feet on 
one side ; in rock or sound soil these bed moulds are little liable 
to disturbance, but they are not so safe in a loose ground, and it 
is always better occasionally to check their heights. If at the 
other side B of the viaduct the ground was similarly high, we 
should have but to repeat a set of levelling operations aiuJogous 
to the last, to get the lines A B and c d, but being an embank- 
ment this cannot be done, and we must employ another method ; 
we will suppose that at abutment C, and pier D, the masons 
have reachea the heights marked by the dotted lines, we must 
first ascertain the formation heights at those points ; let these be 
241-66 and 24245, and these minus 15-00 will give 226-66 and 
227'46 for the heights at the springera By levelling from a 
B.M. we find that the height of the abutment at C is 290*05 ; 
227*45 — 190*05 = 37*40, or the height below springers to which 
the masons have reached, that is that they have 37*40 feet of 
masoniT to put on to reach springing height, and this height, 
37*40 should be entered in feet and inches by the engineer on a 
memorandum book with the date and afterwards on the section. 
At pier D the height of masonry is ascertained by levelling to be 
177-76; and 226*66-l77*?6 = 48*90, the depth at D below 
springing, and this depth shoilld be similarly entered ; and in 
both cases a crow's foot mark should be made on the &ce of the 
masonry where the levelling-staff has been held, that it may be 
found at any future period. When the piers have reached within 
a few feet of their due height, it is well again to take the levels, 
as by then giving the height to be addea, the masons or brick- 
layers, but of course more particularly the former, can regulate 
to a nicety the depth of their coiu^ses, and some allowance will 
have been made for settlements. 

Contour Levelling. — The foregoing observations on the prac- 
tice of setting out levels, wiU be of material service ill explaining 
the subject of contour. If we can imagine a valley with the 
water steadily rising in it, and leaving a mark of its presence 
at every five or ten feet rise^ we shall have the most perfect idea 
of setting but contour levels, for the bubble of the spirit-level 
defines the horizontal line which would be assumed by the water, 
and if we remove the level -higher and higher each time, the 
axis of the telescope performs, as regards this, the same prdbess 
as the rising water ; Diit it is necessary to drive in a number of 
stumps in order that the contour lines may be found on a future 
occasion. If the lines of contour levels are all set out at any 
given nv/mher of feet one above the other, and a survey of these 
Knes is afterwards made, then the plot of such a survey will give 
a plan and also a section, as far as representing the relative 
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height of levels over the ground, and according to the pains 
bestowed on the work, a section more or less accurate may be 
plotted from the plan. 

Let A B C D E F G, Fig. 141, be a valley which it is re 
quired to contour level with a rise of 5 feet, with the lowermost 
contour also 5 feet above the point X ; remembering that not 
only the levels have to be set out, but a survey to be obtained by 
some means in order to lay down the contours on the plan. Range 
out the lines A G, H B, H C, &c., all of which are carefully fixed 
by their respective angles ; plant the level at a, with the staff 
first set on X, where a permanent bench mark has been esta- 
blished; say that the reading is 12'50; this reading, minus 5 
feet, equal to 7*50, and minus 10, equal 2*50 ; let the staff-holder 
move up the hill toward G, until the observer from his telescope 
reads 7*50, then drive in a stake ; let the staff-holder then move 
on higher up, until the observer reads 2*50, and then drive in a 
stake. Let the staff be now moved towards a, until 2'50 is again 
read off, which will be another point to be staked off, and then 
lower down until 7'50 is again read, which wijil give a fourth 

I)oint to be marked. The stumps for this work may be much 
ighter than the stumps we have already mentioned ; in fact, if 
no time is lost, mere laths are sufficient Let the observer thus 
range out with tolerable longsights up to the line H F, getting 
the staff held exactly on the line, so as to have the stumps to 
answer here the purposes of stations ; of course, after the firsi 
remove, the reading on the staff will be different ; for instance, 
when the level is first planted and the staff set up at the last 
stump driven in— say on the first 5 feet contour — it may, perhaps, 
read 11 feet; then 11 00 will be the reading to continue this 
lower contour, and 11*00 minus 5, equal to 6*00 will be the next 
AVith a long staff and 5 feet contours we may always arrange^ 
with a little judgment, to set out three different heights at each 
firesh plant of the instrument : but, until experience is acquired, it 
is advisable to be satisfied with two. On reaching a contour-stump 
on the line H F, set up a flag-pole, when an assistant, who has 
already ascertained the starting-point of the contours with refer- 
ence to the line X G, and the distances of the first and second from 
the point X, takes up the chaining with a good prismatic compass, 
and taking the beanngs, measures with the ofl&et staff, or better, 
with the tepe or anotner chain, up to all the stumps driven in, 
until he reaches the line H F, at the same time he ascertains the 
distance from H or HF, where the flag-pole has been setup. 
In the meantime the level has gone on from the line H F to 
'A E ; the assistant follows with the chain, and so one set after 
another is set out with the level, and then chained. If in 
chaining and o£betting the assistant is careful to obtain horizontal 
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distances, more particularly with the offitets, a very correct plan 
will be producea, which will be very usefid in moderately ud- 
dulating countriea One line of contours being taken all round, 
the wo^ is recommenced. To effect the same object approzi- 
matiyely, sets of cross sections may be taken, as the undulations 
may require, and the positions of these cross sections very care- 
fully shown on the plan. The differences in the readings of the 
level-staff must, as before, be 5 feet each time, or 10 feet if the 
contours are to be ten feet above each other. 

Improved Dumpy Level. — ^The most experienced observers 
with the level have remarked the difficulty that exists with every 
instrument to get it to reverse well ; that is, without any altera- 
tion in the position of the bubble ; and when taking long sights 
or levels about which there happens to be more than ordinary 
anxiety, it is often a constant source of discomfort. When after 
several removes of the instrument over very steep ground, the 
parallel plate screws have been so worked as to bring the plates 
into a very oblique direction, this difficulty in getting the tele- 
scope to reverse correctly generally increases, so much that it is 
often necessary to readjust the screws so as to bring back the 
plates to their parallel positions. To this it may be observed 
that in planting the instrument even on very inclined ground, we 
should roughly level with the legs first, as we have pointed out 
in our observations on the use or rather application of the instru- 
ment ; but when levelling operations are hurried, as they often 
are, attention to this very important point as regards this rough 
levelling of the instrument is often neglected The improved 
level, as constructed by Elliott, to which we now call attention, 
in a great measure removes these defects, both as regards the 
degree of tightness with which the telescope portion of the instru- 
ment is screwed on to that part which consists of the parallel 
plates and axis, as also with regard to the difficulty arising fix>m 
the levelling of the instrument on very steep ground. In the 
improved dumpy level, the telescope and the parallel plates are 
all in one, and a litUe circular level is applied, the object of which 
is to bring the instrument into rough adjustment ; for by attend- 
ing to the bubble of the circular level occupying its proper centre 
while setting up with the legs only, this rough Mjustment is 
secured ; instead of the ordinary ball and socket fitting usually 
applied to the level, the ball and socket joint of the tneodolite 
has been adapted, by means of which the inconvenience arising 
from steeply mclined ground is done awa^ with. These imjsrove- 
ments are so considerable that we fully intend to adopt this im- 
proved level in our own practice. In appearance when set up it 
does not differ from the ordinary level| or we should have given 
an illustration of it. 
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THE TEANflIT INSTETTMEirT. 

As the name of this instrament implies, it is used principally astro- 
nomically, for observing the passage of celestial objects across the 
meridian. We give an illustration of it at Fig. 142, because in long 
tunnels with deep shafbs it may be used to considerable advantage, as > 
giving the means of setting out with minute accuracy the main line of 
direction and the vertical axis of every shaft. 

The telescope is in two parts, connected together at the sphere A, 
which also receives the ends of the conical axis, CO, at right angles to that 
of the telescope. The other two ends of the conical axis, consisting of 
cylindrical pivots, rest in Y's at the summits of the vertical standards, 
SS, in which the axis of the telescope turns. A level across the 
conical axis denotes when it is horizontal. The standards are fixed to a 
circle which rests upon parallel plate-screws, by which the instrument 
is levelled. The two braces from the top of the standard to the beam 
across the above-mentioned circle are for the purpose of steadying the 
motion of the telescope.' 

The vertical limb, L, is fixed to one of the pivots of the conical axis, 
and turning with it, denotes the angulai: elevation of the telescope by 
means of the two horizontal verniers, which are adjusted in their 
horizontal position by means of the spirit-level shown above them ; 
the adjustments are effected by means of the arms and screws, y and 
a ; the wires of the diaphragm, placed near the eye, and of the tele- 
scope, are illuminated for night observations by means of a lamp, which 
throws its light through the pierced cone on to a reflector within the 
sphere A. The lantern is so constructed that the power of the light 
may be tempered to suit circumstances. 

COPTIWG AKD BSBXTOIKG PLANS — THE FEKTAaSAFH — THE 
XIDO0EAPK — SOALrEra Ain) THE PLAinHETBB. 

Chpying and Beduciny Flans, — To persons unacquainted with the 
routine business of an office, and to the accuracy that is required to 
be combined with despatch, the mere copy of a field-plan, or of the 
plan of a townland survey, must appear a matter of the greatest 
simplicity, and, but for the necessary correctness, so it would be; • 
notwithstanding, however, that it is a most mechanical operation, it 

X 
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demands great care and system, particularly when the plan is lai^. 
A very ordinary method that is adopted is, to lay the original on to 
the hlank paper, and then with a fine needle-point to prick through 
every corner and bend. Thpse points being thus determined on the 
copy, the pencil is applied to complete the work, which, after bebg 
compared with the original, is completed with the drawing-pen and 
Indian-ink. This method, however, by no means improves the 
original plan, which ^ay be of great value, even in respect of 
finished drawing only, and we consider it in every way inferior to 
the following mode. The original plan should be laid down on a 
flat table, of dimensions corresponding to the size of the drawing 
to be copied ; over it should be laid clear tracing-paper, as large as 
can be obtained, if the size of the original requires it ; the whole 
should then be loaded with any Ions flat rules that are to be come at, 
and leaden weights, so that the whole shall lay perfectly flat ; the plan 
is then traced off, in one or half-a-dozen sheets, ni may be required. 
This need not be in ink, a sharp, clean-pointed pencil will do veiy 
well ; but take care that in tracing sheet after sheet sufficient work is 
repeated along the length and width of each sheet of tracing paper to 
determine accwratelf/ their relative positions if fhey were all joined 
together. The correctness of a plan as a whole in a great measure 
depends on this particular feature, and great care should be taken 
when first laying down the tracing-paper, not only that it lays* flat, 
but also without anv twist in its length or breadth. The blank paper 
which is to receive the copy is now laid down on the board, and over 
it thin sheets of tissue-paper that have had the under-side well rubbed 
with black-lead ; two or three of these may be laid down one alongside 
of the other, if size requires it ; over the whole is laid one of the 
tracings, loaded as before, so as to lay flat and even, and with a tracing- 
point the plan is thus transferred to the blank sheet of paper under- 
neath, by means of the black-lead paper ; this tracer we manufacture 
ourselves, by driving the point of a flne needle into a pencil, and 
making use of the head as a tracer. The first sheet bdng now 
accurately transferred, the next tracing is laid down so that the above- 
mentioned repeated work along the length and breadth of the tracing 
shall perfectly coincide with the pencil-work which has just been 
transferred to the blank paper ; it is then fixed in this position, and 
the black-leaded paper is gently slipped underneath ; the whole ia tiien 
loaded as before and this second sheet thus transferred, and by rqpe* 
tition the whole of the plan to be copied. The whole may then be 
inked in. 

Another veiy good method, though, as we think, much more tedious 
than the above, is to triangulate the original, as in surveying ; trans- 
fer, or rather lay down the triangles on the blank p4>er, aiiil bj a 
system of oftets copy tiie whole. 

The reduction of a plan is often effected by a system of propor- 
tional squares, as one-quarter, orone*fourth,as may be requuned; thaae 
must be all perfectly rectangular, and the perpendiculars should all be 
carefully drawn in, by means of a large and perfectly correct set square, 
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taking care, both on the original and the copy, to use the same side 
of the square. 

The reduction is, however, much more rapidly effected bj' means 
of the two following instruments. 

The pontoffraph (Fig. 143) consists of four flat rulers, made either of 
wood or brass ; the two outside ones are generallj from 16 to 24 inches 
long, and the others about half that length. The longer ones, A and B, 
are united together by a pivot, about which they turn like the legs of 
a pair of compasses, and the two smaller rulers are similarly attached 
to each other at D, and to the longer rulers. A sliding box is placed 
on each of the arms, A and B, which may be fixed by a damp-screw at 
any part of the ruler ; these slides cany a tube, to contain either a blunt 
traomg^point, a pencil, or pen, or the fulcrum Q-, which is a heavy 
weight of lead, having a point on the under side to pierce the drawing- 
board and remain immovable in its proper position, it being the centre 
upon which the whole instrument turns. Several ivory castors sutn 
pwt the sur&ce of the machine parallel to the paper, as well aa fiudu'^ 
tate its motions. 

The arms, D and B, are graduated and marked with the ratks, 
^, ^, Ac., so that when a copy of a plan is required to be made in any 
of these proportions, it is ozdy requisite to fix, at the required ratio, 
the slides carrying the fulcrum, G*, and the tube at D, with a pencil 
or pen, and the instrument will be ready for operation. Thus, suppose 
it were required to make a copy of a plan exactly one«half the siEe of 
the original, the slide carrying the pencil, and that working on the ful- 
crum are each fixed by their respective olamp^screws at the diviaionB 
marked ^, the pentagraph being first spread out so as to give room for 
the tracing-point to be passed over every line on the plan, whilst 
the pencil is making corresponding marks on the copy, which it is 
evident will be equal to one-half the size of the original. A fine 
string is attached to the pencil-holder, and passed round to the 
tracing«point, the pulling at which raises the pencil a small quanMty 
above the paper, to prevent false or improper marks upon the copy. 
It should also be remarked, that the cup represented on the top of 
the pencil-holder is intended to receive a weight, to keep the penoU 
down upon the paper, or when a stronger mark is required. 

When the instrument is set for work, the tracing-point, the pencil, 
and the fulcrum must in all cases be in a straight line, which may 
be proved by stretching a fine string over them. 

When it is required to make an enlarged copy of a plan, the setting 
of the instrument is precisely the same as above-stated, only tne 
tracing-point and pencil must chanffe^ places. But when a copy is to 
be made of the same size as the ongmal, the fulcrum must be placed 
in the middle. 

With regard to an enlarged copy of a plan, by whichever of the 
above methods it may be done, it can never be considered a very correct 
representation of the lands surveyed ; and when an enlarged plan is re^ 
qtdied, a iVesh plot should be made from the field-book, ao<M>rding to 
the scale required. 

x2 
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The eidograph is an improved instrument for copying and reducing 
plans, and illustrated at Fig. 144. Afber what has been said about the 
former instrument, a little experience will fully explain the use of the 
latter and its advantages. 

The Planimeter and Oomputation of Areas. — ^Those who have had 
occasion to perform much scaling and computations of areas are aware 
of the tedious nature of the task. With irregpilar figures, such, as are 
constantly met with, it is in the first place often troublesome to give 
and take correctly, and indeed it is in practice at the best of times a 
mere guess, however near it may be to accuracy. The figure has then 
to be divided into triangles, of which one side and one perpendi- 
cular, have to be scaled, another constant source of error, however 
small, or the polygon has to be carefully reduced to one triangle, which 
requires a great deal of care, and the perpendicular and base agun 
seeded ; the computations have then to be made by multiplication, and 
all of these have to be carefully checked before the work can be 
depended on. There will therefore be nothing at all surprising when 
we observe that many inventions have been suggested from time to 
time either to shorten the modus operandi, or to facilitate the calcula- 
tions. None of them, however, appear to have met with success, and 
^e old fashioned mode has had to be adhered to. The pUmkneier, 
however, bids fair to make the laborious task much more easy, inasmuch 
as with it we have only to trace the periphery of the figure with a 
tracer, and then merely read off the contents. This instrument, illus- 
trated at Fig. 145, and lately introduced by Messrs. Elliott, has 
already been received with a great deal of favour. E and F are two 
points at the ends of the moveable arms, A and B ; when in use the 
instrument rests on these two points, and on a third, being that part 
of the graduated wheel D which is tangent to the paper. G is a 
graduated disc connected with an endless screw, and H is a vernier to 
the wheel D. When the instrument is applied to the operation of 
computing, the point E is firmly fixed at any convenient point on the 
paper. A very little thought and experience will show that the object 
sought in fixing this point will be to place the point of the tracer F so 
that it may be made to run over the greatest possible portion of the 
periphery of the figure, the contents of the area of which are required. 
Let it be considered that in the drawing the instrument is so placed, 
and that the point of the tracer is at a convenient point of the peri- 
phery of the irregular figure to be traced. Bead off the instrument, 
trace the contour of the figure, and read off a second time. Subtract 
the first reading from the second ; multiply the remainder by 10, 
which will give the area required in square inches, with two places of 
decimals. Let the first reading of the disc G be 2, that of D equal to 
80, but with the vernier reading instead of 80 let it be 805 ; then the 
reading of the instrument at starting is to be set down aa 2*805 ; let 
the second reading be 7*553; this minus the first is equal to 4*748, 
which multiplied by 10 gives 47*48 as the contents in square inches 
which was required. In carrying the tracer round, care must be taken 
to observe whether the disc G has performed an entire jrevolution, for 
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in that case 10 must be added to the unit in the last reading. For 
instance, in the above example, had the second reading been 7*553, plus 
an entire circuit, then we should have had 7*553 + 10 = 17*553, from 
which subtracting 2*805, and multiplying the remainder by 10, we 
should get 147*48. If the figure is too large for the instrument to 
contour at once, it may be divided into two or three. The contents of 
each being taken separately, they are all to be added together. 

The instrument is constructed to give areas in other denominations 
than inches, but we prefer the square inch because it is a convenient 
constant to work from, whatever the scale of the plan. Suppose, for 
instance, that in the above example we have been calculating an area 
from the Ordnance map, having a scale of one inch to the mile ; one 
square inch is one square mile, we should therefore have very nearly 
47^ square miles ; again, let us suppose that we have been measuring 
an area from a plan plotted to a scaJe of five chains to one inch ; one 
inch or five chams square, equal to 250,000 square links ; from this we 
obtain the constant by which to multiply the square inches found by 
the planimeter to reduce the area to square links for a five chain scale ; 
thus, 47-48 X 2500= 11,870,000. 



Then for a 1 chain scale we shall have . • • 100 

400 

900 

1600 

2500 

3600 



9f 


2 




» 


3 




J> 


4 




• 

91 


5 




n 


6 





99 
99 
99 
99 
l9 



by which to multiply the square inches found by the planimetric 
operations, to reduce them to square links, which will be the more 
easily remembered from the multipliers being merely the square of the 
number of chains to one inch, with tvoo zeros added. 

As before explained, if from square links we. strike off five figures to 
the right, we have the areas on the lefb, and the little tablet at the 
end of the volume will give the roods and perches due to the square 
links first cut off. We are aware that old hands generally object to 
have their practice of routine broken in upon by any novelty. It is 
natural to all of us ; but if they will give this a trial, they will find the 
labour of scaling and computing very greatly reduced, and, as we think, 
more accurately performed. 



EXPLANATIONS FOR THE USE OP THE TABLES. 



TABLE I.— Beference to wbjtt has been said aa to chaiiuxig over indined 
gromid sufSlcieiitlj explains the use of this table. 

TABLE n. is for facilitating the process of computing areas ; one ezampk 
will e^mlain its use. The area of an enclosure has oeen found tqjiul to 
96'69981; point off fiye figures to the right, as shown by the dedmal poiBt, 
and in one of the columns marked 1 R, 8 R, 3 R, look for the first three nguns 
of those pointed off. The heading to the column R will give the roods, and in 
the column headed Pis. and on a line with the figures found, will be the 
number ofperches ; the nearest figures to 69981 will be found to be 700 in 
column 2 K and on the same line wiU be found 32, which gives 2 roods, 33 
perches, and the total contents are found to be 25a. 2b. 32f. 

TABLE ni.— I^ Zen^hs of Circular -^rc*.— The application of this table 
has been explained under the head of length of curve, in the chapter on setting 
out curves. 

TABLE lY.— The use of this table has already been very amply explained 
When offsets are required for setting out curves, refer to the particular radios 
required. In the first horizontal column are the len^hs of the arcs in chains; 
in the second, the lengths of A <? in chains, from which the rigfit-angled offset 
is to be set off, and in the third, the lengths of the offitets in feet. Eig. 146 
illustrates the whole. 

TABLE Y.«— Corrections for curvature and refraction, when required in 
levelling operations. 

TABLE YI. — Natural sines and tangents to every ten minutes ; example 
illustrating their application .--Required the sine of 9^ 47'; from the tables 
take out the sines of 9^ 4:0' and 9® 60" ; subtract the lesser from the greater ; 
divide the difference by 10, and multiply the quotient by the number of odd 
minutes, here equal to 7. 

Bine of 9*^ SO', sme of 9'' 40^2 '0028669 the difference which divided by 10, 
and multiplied by 7 is equal to '0020068 
and sine of 9^-40"= '1679159 

•1699227=Natural of 9° 47' as required. 

Let it now be required to find the cosine of 9^ 47'. Repeat the above 
operations on the cosines in tables ; but instead of adding the quantity found 
to the cosine of 9^ 40', it is to be subtracted, and the cosine of 9^ 47' will 
thus be found equal to '9864565, near enough for all the purposes we require 
in practice* 
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Table I. 

Showmg the reduction vmoii 
each chcmi, Tieoedeaflry 10 
reduce hypofhmusaX to 
Kofinzontal measure. 



Angle of. 
attentcr 


BedQotkm 
inlittki. 


/ 




4 


X 


8 44 


1 


7 J 


] 


8 7 


1 


11 98 


3 


13 SO 


n 


14 8 


8 


18 18 


Si 


18 1*5 


4 


17 18 


«i 


18 19 


8 


18 8 


H 


18 87 


8 


30 47 


H 


91 84 


7 


fS SO 


t* 


98 8 


8 


38 48 


H 


94 80 


8 


38 11 


•i 


38 81 


10 


36 80 


10* 


37 8 


11 


37 48 


"i 


38 33 


13 


38 88 


13i 


38 88 


18 


80 8 


18J 


80 41 


14 


81 18 


1*4 


81 48 


18 


83 30 


iH 


83 83 


16 


88 34 


1«* 


88 86 


17 


84 38 


lU 


84 88 


18 


88 38 


18* 


86 84 


18 


88 34 


18i 


88 88 


30 


87 31 


30* 


87 49 


31 


88 17 


31* 


88 48 


33 


88 13 


33* 


88 88 


38 


40 8 


«* 


40 88 


34 


40 88 


34* 


41 38 


37 



Table II. 

Q(mqmtaJtvon ofAreae. 



Pb. I 


>ac. 


1 B 


3 B 


8 B 


1 


.006 


•366 


606 


•766 


3 


013 


•362 


812 


•763 


8 


018 


•368 


819 


•769 


4 


026 


•376 


626 


•776 


5 


081 


•381 


681 


•781 


6 


087 


•387 


687 


•787 


7 


044 


•394 


644 


•794 


8 


060 


•800 


860 


•800 


8 


066 


•806 


666 


•806 


10 


063 


•813 


'663 


•813 


11 


068 


'819 


-669 


•819 


13 


076 


•836 


676 


'826 


18 


081 


•881 * ' 


-881 


'881 


14 


087 


•887 


'687 


•887 


18 


-084 


-844 


694 


•844 


16 


•100 


•860 


-600 


•868 


17 


108 


•886 


•606 


'866 


18 


-113 


'863 


'613 


•863 


18 


118 


•889 


'619 


•869 


SO 


138 


'876 


636 


•876 


31 


181 


•881 


681 


•881 


S3 


187 


•887 


'687 


'887 


38 


'H4 


•894 


'644 


•894 


34 


160 


•400 


'660 


•900 


38 


166 


•406 


'686 


•906 


36 


163 


•413 


'663 


•913 


37 


168 


'419 


'669 


•919 


38 


176 


'436 


'676 


•936 


38 


181 


•481 


681 


•981 


80 


187 


•487 


'687 


•987 


81 


194 


•444 


'684 


•944 


83 


'300 


•460 


•700 


•960 


88 


'306 


•466 


706 


'966 


84 


'313 


•463 


718 


•968 


88 


■318 


•469 


•718 


'969 


88 


'338 


•476 


'736 


•976 


87 


-381 


•481 


•781 


•981 


88 


'387 


•487 


•787 


•987 


88 


344 


•484 


'744 


•894 


40 


-360 


•600 


'780 


^ 
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TABLE III. 









Lengtiis of Circula/r Arcs. 










I>e. 


Arc. 


De. 


Alt, 


De. 


Arc. 


/ 


Are. 


tr 


Are. 


w 


Are 


1 


•0174588 


61 


10646508 


131 


3*1118484 


1 


2909 


1 


48 


1 


1 


s 


•0849066 


63 


1-0831041 


138 


8-1398017 


2 


5818 


3 


97 


9 


3 


8 


•0528599 


68 


1-0995574 


183 


3-1467550 


8 


8787 


8 


145 


a 


3 


4 


•0698182 


64 


1*1170107 


184 


81643088 


4 


11686 


4 


194 


4 


8 


6 


•0872665 


65 


11844640 


185 


3-1816616 


5 


14544 


5 


242 


5 


4 


6 


•1047198 


66 


1-1519178 


136 


3*1991149 


6 


17458 


6 


291 


6 


5 


7 


•1831780 


67 


11698706 


137 


3*3166688 


7 


20863 


7 


889 


7 


6 


8 


*1896368 


68 


11868889 


138 


3-8840314 


8 


83371 


8 


888 


8 


e 


9 


•1570796 


69 


1'3043778 


189 


3*3514747 


9 


26180 


9 


486 


9 


7 


10 


*1745339 


70 


1'83 17805 


180 


3-2689380 


10 


29089 


10 


485 


10 


8 


11 


•1919862 


71 


1-3891888 


131 


3*3868818 


11 


81998 


11 


588 


11 


9 


13 


•2094895 


73 


1-3566371 


133 


3-8088346 


18 


84907 


12 


582 


12 


10 


18 


•2268928 


78 


1-3740904 


138 


8-8813879 


18 


87815 


18 


630 


18 


11 


14 


•2448461 


74 


V39 15436 


184 


3*8387418 


14 


40794 


14 


679 


14 


11 


16 


•2617994 


75 


1-3089969 


185 


3*8561945 


15 


48638 


15 


727 


15 


18 


16 


•2792527 


76 


1*8364503 


136 


8*8736478 


16 


46543 


16 


776 


16 


18 


17 


•2967060 


77 


1-8439036 


137 


8*3911011 


17 


49451 


17 


824 


17 


14 


18 


*8141598 


78 


1*3618668 


138 


2*4085544 


18 


53860 


18 


878 


18 


1ft 


19 


•8816126 


79 


1*8788101 


139 


2*4260077 


19 


55869 


19 


921 


19 


15 


20 


•8490659 


80 


1*8963684 


140 


2*4484610 


30 


58178 


20 


970 


20 


16 


SI 


•8666191 


81 


1-4187167 


141 


2^4609142 


31 


61087 


21 


1018 


81 


17 


32 


•8889724 


83 


1*4311700 


143 


2*4788675 


82 


63995 


22 


1067 


83 


18 


28 


•4014257 


88 


1*4486388 


148 


2-4958208 


33 


66904 


28 


1115 


28 


19 


34 


*4188790 


84 


1*4660766 


144 


2-5132741 


34 


69813 


24 


1164 


34 


19 


35 


•4368328 


86 


1*4885399 


145 


2-5807274 


35 


78732 


25 


1212 


25 


90 


26 


'4587866 


86 


1-5009883 


146 


2«5481807 


26 


76631 


26 


1261 


86 


81 


27 


•4712889 


87 


1'5184864 


147 


2-5656340 


37 


78540 


27 


1309 


27 


23 


28 


•4886922 


88 


1-6868897 


148 


2*5880878 


38 


81449 


28 


1357 


28 


88 


29 


•5061456 


89 


1-6633430 


149 


2-6006406 


29 


84858 


29 


1406 


89 


88 


80 


•5285988 


90 


1*5707968 


150 


2*6179989 


30 


87366 


80 


1454 


80 


24 


81 


•5410581 


91 


1*5883496 


151 


2*6354472 


81 


90175 


81 


150» 


81 


25 


83 


•5585054 


93 


1-6067039 


153 


2*6529005 


33 


98084 


82 


1551 


83 


26 


38 


•5759587 


98 


1-6231563 


168 


2*6708588 


33 


95998 


88 


1599 


88 


27 


84 


•5984119 


94 


1-6406096 


154 


2*6878070 


34 


98903 


84 


1648 


34 


27 


85 


•6106653 


96 


1*6680638 


155 


2*7052608 


85 


101811 


85 


1697 


85 


88 


86 


•6388185 


96 


1*6766161 


156 


2-7227186 


36 


104730 


86 


1745 


86 


29 


87 


'6457718 


97 


1*6939694 


157 


2*7401669 


37 


107639 


87 


1794 


87 


80 


88 


•6683351 


98 


1*7104827 


158 


2*7676202 


38 


110588 


38 


1842 


88 


81 


89 


•6806784 


99 


1*7378760 


159 


2*7750735 


39 


118446 


89 


1891 


39 


32 


40 


•6981817 


100 


1'7463898 


160 


2-7925268 


40 


116355 


40 


1989 


40 


82 


41 


-7165850 


101 


1*7687836 


161 


2-8099801 


41 


119364 


41 


1988 


41 


88 


42 


•7880888 


103 


1*7803868 


162 


2*8274884 


43 


133173 


42 


2086 


48 


84 


48 


•7504916 


108 


1*7976891 


163 


2-8448867 


43 


135083 


48 


2085 


48 


8ft 


44 


•7679449 


104 


1-8151434 


164 


2-8623400 


44 


137991 


44 


2183 


44 


86 


45 


•7858983 


105 


1*8835967 


165 


2-8797933 


45 


180900 


45 


2182 


45 


36 


46 


•8028515 


106 


1*8500490 


166 


2-8972466 


46 


183809 


46 


2280 


46 


87 


47 


•8208047 


107 


1-8676038 


167 


2-9146999 


47 


186717 


47 


2279 


47 


88 


48 


•8877680 


108 


1-8849666 


168 


2-9821681 


48 


189626 


48 


2827 


48 


89 


49 


•8552118 


109 


1*9034089 


169 


2-9496064 


49 


143535 


49 


2376 


49 


40 


50 


•8736646 


110 


1-9198633 


170 


2-9670597 


50 


146444 


50 


2424 


50 


40 


51 


•8901179 


111 


1*9878156 


171 


2-9845180 


51 


148368 


51 


2478 


51 


41 


52 


•9076713 


113 


1*9547688 


173 


3-0919668 


68 


151863 


52 


2521 


58 


43 


58 


•9350245 


118 


1*9733330 


178 


3-0194196 


53 


154171 


58 


2570 


58 


48 


54 


•9424778 


114 


1*9896758 


174 


8-0368729 


54 


157080 


54 


2618 


54 


44 


55 


•9599811 


115 


30071386 


175 


80618262 


55 


159989 


55 


2666 


55 


44 


56 


•9778844 


116 


3*0245819 


176 


3-0717795 


56 


163897 


56 


2715 


56 


45 


57 


•9948877 


117 


3-0480853 


177 


3-0892328 


57 


165806 


57 


2768 


57 


46 


58 


1-0123910 


118 


3*0694886 


178 


3-1066861 


58 


168716 


58 


2812 


58 


47 


59 


1*0397448 


119 


80769418 


179 


3-1241894 


59 


171624 


59 


2860 


59 


48 


60 


10471976 


130 


9-0948951 


180 


3*1415927 


60 


274588 


60 
// 


2909 


60 


48 


De. 


Arc. 


Dc. 


Arc. 


De. 


Arc. 


Arc. 


Arc 


'" An 
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20 Chama Badi'us, 








XiCnfih of Are* 
Chaini. 


Ac 
ChaiBfl. 




OttBtt, 

Fe6t. 


Length of Arc. 
(Tnaiiu. 


Qialiu. 




Oflbet. 
Feet. 





0-000 




0-00 


10 


1-336 




161-64 


1 


0-999 




1-64 


11 


2-226 




131-40 


2 


1-996 




6*60 


12 


3-137 




104*15 


3 


2-984 




14-78 


13 


4-068 




79*99 


4 


3-975 




26-40 


14 


5*017 




58-96 


5 


4-945 




40-98 


15 


5-980 




40-98 


6 


5-908 




58-96 


16 


6*949 




26*40 


7 


6-856 




79-99 


X # ••••»•. 


. 7-940 




1478 


8 


7787 




104-15 


18 


8*929 




6*60 


9 


8*699 




131*40 


19 


9-926 




1*64 


10 


9*589 




161-64 


20 


10-925 




0-00 



Far aettmg out by TcmgerUicd Angles. 

Angles fonned at startifig point by the tangent and the oholrds at the following 

chainage: 



Chaint. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



Anglei. 
1° 25*94' 
51-88 
17-82 
4376 
970 
35-64 
1-58 
27-52 
12 53-46 
14 19-40 



2 

4 
5 
7 
8 
10 
11 



Chains. 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



••• 
••• 
•I • 
• • > 



Angles. 
15° 45-34' 

17 11-28 

18 37*22 

20 3*16 

21 29*10 

22 55*04 

24 20*98 

25 46-92 

27 12-86 

28 38-80 



Length of Are. 
Oiafais. 


Ac. 




Offiwt. 


Chains. 




Feet. 





0-000 




0*00 


1 


0-999 




1-32 


2 


1*997 




5*28 


3 


2*989 




11-83 


4 


3-982 




20*95 


5 


4-969 




32*91 


6 


5-942 




47*27 


7 


6-911 




64*30 


8 


7*863 




83*74 


9 


8-809 




105-83 


10 


9734 




130-22 



25 Chai/ns Radius. 

Length of Arc. 
Chains. 



10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



Tk. 
Chains. 

0-834 

1759 

2705 

3-667 

4-626 

5'599 

6*586 

7-579 

8*671 

9*569 

10-568 



Oflbet* 
Feet. 

130-22 

105-83 

8374 

64*30 

47-27 

32*91 

20-95 

11*83 

-5-28 

1*32 

0*00 



For setting out by Tangential Angles. 

Angles formed at starting point by the tangent and the chords at the following 

chainage: 



hafais. 




Angles 


Chains. 




Angles. 


1 




V 876' 


11 




12° 36*25' 


2 




2 17-50 


12 




13 45-00 


3 




3 26*25 


13 




14 5375 


4 




4 3600 


14 




16 2*50 


5 




5 4376 


15 




17 11*25 


6 




6 62*50 


16 




18 20*00 


7 




8 1*25 


17 




19 2875 


8 




9 10*00 


18 




20 37*50 


D 




10 1875 


19 




21 46*25 


10 




11 27-50 


20 




22 55-00 
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30 Ohams Badvus. 








Length of Arc. 
ChBins. 


Ac. 
Chains. 


Oflhet. 1 


Lesurihof Arc. 
Cludiis. 


Tk. 
Chaias. 




OSwt. 
Feet. 





0-000 . 


0*00 ; 


10 


0*672 




109*00 


1 


0*999 . 


1-10 


11 


1*622 




88-39 


2 


1*998 . 


4*39 


12 


2-482 




69-98 


3 


2*994 . 


9*88 


13 


3-452 




53*66 


4 


3*990 . 


17*60 


14 


4*429 




39-46 


6 


4*977 . 


.. 27*44 


16 


6-411 




27-44 


6 


5*969 . 


.. 39*46 


16 


. 6*397 




17-60 


7 


6-936 . 


.. 53*66 


17 


, 7-393 




9-88 


8 


7-905 . 


.. 69*98 


18 


, 8*369 




4-39 


9 


8*865 . 


.. 88*39 


19 


, 9*389 




1-10 


10 


9*816 . 


.. 109*00 


20 


. 10*388 




0-00 



Far settmg otU by TcmgerUial Angles. 

Asgies fonned at sfartiiig point by the tangent and the chords at the following 

chainage: 



Chaini. 


AnglM. 1 


Chaini. 


Anglea. 


1 .. 


0° 


67-30' 


11 


.. 10° 


30-26' 


2 


1 


64-59 


12 


... 11 


27-56 


3 


2 


61-89 


13 


.. 12 


24-86 


4 


3 


49*19 


14 


... 13 


22*16 


6 


4 


46*48 


16 


... 14 


19*46 


6 


.. 6 


43-78 


16 


... 15 


1676 


7 


6 


41*08 


17 


... 16 


14-05 


8 


7 


38*37 


18 


... 17 


10-34 


9 


8 


36*67 


19 


... 18 


8-64 


10 


9 


32*97 

S5 Oh(Un, 


1 20 

8 Radius. 


... 19 


5*94 


Lengtiiof Arc. 
Chaiiu. ( 


AcL 
Bhatnt. 


OffiMt 

Feet 


Length of Arc. 
Chaina. 


Tk. 

Chidna. 


Oflket. 
Feet. 





0*000 . 


0*00 


10 


0-416 


... 93*64 


1 


0*999 . 


0*94 


11 


1-379 


... 75-96 


2 


1*999 


3*76 


12 


2*360 


... 60t)6 


3 


2*996 


8*47 


13 


3-330 


... 46*03 


4 


3*992 


... 16*07 


14 


4-310 


... 33-86 


6 


4*982 . 


... 23*63 


15 


6-298 


... 23-63 


6 


6-970 


... 33-86 


16 


6-288 


... 16-07 


7 


6*950 


... 46-03 


17 


7-284 


8-47 


8 


7-930 


... 60-06 


18 


8-281 


376 


9 


8*901 


... 76*96 


19 


9-281 


0*94 


10 


9-864 . 


... 93-64 


20 


10-280 


0-00 



For settmg oui by TamgenUai Angles. 

Angles formed at starting point by 1^ tangent and the chords at the foUovii^ 

chainage: 



Chalna. 


Angiee. 


Chaina. 


Anglea. 


1 


0^^49-11' 


11 


9'' 0*21' 


8 


1 38*22 


12 


9 49*33 


3 


2 27*33 


18 .. 


,. 10 38-44 


4 


3 16*44 


14 


.. 11 27-66 


5 


4 6*66 


16 


.. 12 16*66 


6 


4 54-66 


16 


.. 13 677 


7 


6 43-77 


17 . 


13 64-88 


8 


6 32-88 


18 


.. 14 43-99 


9 


7 21-99 


19 


.. 15 3311 


10 . 


8 11*11 


20 


16 22*22 
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40 Chains Radius. 



lienffthof Arc. 


JLC. 


Oflbet. 


Length of Arc. 
ChaiDj. 


Tk. 


Offset. 


Ch«li». 


Feet 


Chains. 


Feet 





0-000 . 


0-00 


10 


0*318 .. 


. 82-07 


1 


0*999 . 


0*82 


11 


1*289 .. 


. 66*64 


8 


1*999 . 


3*30 


12 


2*268 .. 


. 62*61 


3 


£•997 . 


7*42 


13 


3*260 .. 


. 40*31 


4 


3*993 . 


.. 13*18 


14 


. 4*236 .. 


. 29-66 


6 


4*986 . 


20*69 


16 


. 6-227 .. 


. 20*69 


6 


6-978 . 


.. 29*66 


16 


6*221 .. 


. 13*18 


7 


6-963 . 


.. 40*31 


17 


7*216 .. 


7*42 


8 


7-946 . 


62*61 


1 18 


8*214 .. 


3*30 


9 


8*924 . 


66*64 


19 


9*214 .. 


0-82 


10 


9*896 . 


.. 82*07 


20 


10*214 .. 


OW 



For setting out by Tangential Angles. 

Anglet formed at starting point by the tangent and the chords at the following 

chainage: 



Chains. 


Angles. 




Angles. 






1 


0° 


42-97' 


11 


...• 7° 


• 62-69' 






2 


1 


26-94 


12 


8 


36*66 






3 


2 


8-91 


13 


9 


18-63 






4 


2 


61*88 


14 


... 10 


1-60 






6 


3 


34-86 


16 


... 10 


44*68 






6 


4 


17-83 


16 


... 11 


27'66 






7 


6 


0-80 


17 


... 12 


10-62 






8 


6 


4377 


18 


... 12 


63-49 






9 


6 


2674 


19 


... 13 


36-46 






10 


7 


972 

45 Chain 


20 

9 Radius. 


... 14 


19-44 

ft 




rthofArc. 


Ac. 


Ofbet. 


Length of Arc. 
Chains. 


Tk. 




Ofbet 


baim 


1. 


Chains. 


Feet 


Chains. 




Feet 







0*000 


000 


10 


. 0-260 


e • • 


73-03 


1 




0*999 


0-73 


11 


. 1*228 


* • • 


69*36 


2 




1*999 


2*93 


12 


. 2*211 


see 


46-81 


3 




2*997 


6-69 


13 


. 3-196 


• • • 


36*86 


4 




3-993 


... 1172 


14 


. 4*186 


• • a 


26*36 


6 




4*990 


... 18*31 


16 


. 6-178 


• s • 


18*31 


6 




6*981 


... 26*36 


16 


. 6*174 


• • • 


1172 


7 




6*971 


... 36*86 


17 


. 7*171 


• • • 


6*69 


8 




7-967 


... 46*81 


18 


. 8*169 


• • ■ 


2*93 


9 




8*939 


... 69*36 


19 


. 9168 


« • • 


073 


la 




9*918 


... 73-03 


20 


. 10*168 


■ • • 


OW 



For settimg out by Tam{fential Angles. 

Angles formed at starting point by the tangent and the chords at the following 

chainage: 



Chains. 




Angles. 


Chains. 




Angles. 


1 




0° 38-19' 


11 




7° 0*16' 


2 




1 16-39 


12 




7 38-36 


3 




1 64-69 


13 




8 16-66 


4 




2 32*78 


14 




8 64*76 


6 




3 10-98 


16 




9 32-96 


6 




3 4918 


16 




10 1116 


7 




4 27*37 


17 




10 49-34 


8 




6 6-67 


18 




11 27-64 


9 




6 43*77 


19 




12 674 


10 




6 21-97 


20 




12 43*94 
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TABLE IV. — continued. 












50 Chains Radms. 






LenffthofAre. 
Ghaiiu. 


Ao. 
Chaiiis. 




OAet 
Feet. 


Length of Are. 
Chains. 


Tk. 
Chaine. 


OIEmL 
Feet 





0-000 




0*00 


10 


0-202 ... 


65-95 


1 


0-999 




0-65 


11 


1*183 ... 


5319 


8 


1-999 




2-62 


12 


2*169 ... 


42-14 


3 


2-997 




5-91 


13 


3158 ... 


32-17 


4 


3*995 




10-51 


14 


4*149 ... 


23-64 


6 


4*991 




16-58 


15 


5143 ... 


16-58 


6 


5*985 




23-64 


16 


6-139 ... 


10-61 


7 


6-976 




3217 


17 


7137 ... 


5-91 


8 


7-965 




42-14 


18 


8-135 ... 


2*62 


9 


8*950 




5319 


19 


9135 ... 


0-65 


10 


9-932 




65-95 


20 


10134 ... 


0-00 



For setting ovJt by Tangential Angles. 

Angles formed at starting point by the tangent and the chords at the following 

chainage: 





Chainfl. 




Angles. 


1 Chains. 


J^^^'^ 




1 


... 0^ 


* 34*38' 


11 


6° 18-16* 




2 


... . 1 


875 


12 


6 52-53 




3 


1 


4313 


13 


7 26-91 




4 


2 


17-51 


14 


8 1-29 




5 


2 


51-89 


15 


8 35-67 




6 


3 


26-26 


16 


9 10-05 




7 


4 


0-64 


17 


9 44-42 




8 


4 


35-02 


18 


... 10 18-80 




9 


5 


9-40 


19 


... 10 53-18 




10 


5 


43-78 


20 


... 11 27-56 




• 




66 Chain 


s Radius, 




LeiurthofArc. 
CoAins. 


Ac. 
Chains. 


Offliet 
Feet 


Length of Arc. 
Chains. 


Tk. Oflbet. 
Chains. ¥wL 







0000 


0-00 


10 


. 0-166 ... 59-82 


1 




0-999 


0-59 


11 


. 1-151 ... 48-48 


2 




1-999 


2-38 


12 


. 2-139 ... 38-32 


3 




2-997 


6-35 


13 ..... 


. 3-130 ... 29-36 


4 




3-996 


9-62 


14 


. 4-123 ... 21-67 


5 




4-992 


... 14-87 


15 


. 6-118 ... 14*87 


6 




6-987 


... 21-57 


16 


. 6114 ... 9-62 


7 




6-980 


... 29-35 


17 


. 7-113 ... 5-36 


8 




7-971 


... 38-32 


18 


. 8-111 ... 2-38 


9 




8-959 


... 48-48 


19 


. 9111 ... 0*69 


10 




9-944 


... 59-82 


20 


. 10110 ... 000 



For setting out by Tangential Angles. 

Angles formed at starting point by the tangent and the chords at the following 

chainage: 



Chains. 




Angles. 


1 




0^31*27' 


2 




1 2*54 


3 




1 33*81 


4 




2 5*08 


5 




2 36*35 , 


6 




3 7*62 1 


7 




3 38*89 


8 




4 10-16 


9 




4 41-44 


10 




5 12-70 



Chains. 


Anglos. 


11 .. 


5° 43-98' 


12 


6 15-25 


13 .., 


6 46-52 


14 ..< 


7 1779 


15 


7 49-06 


16 ... 


8 20*33 


17 ... 


8 51*60 


.18 ... 


9 22*87 


19 ... 


9 5415 


20 .., 


10 25-42 
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60 Chai/M BadiuB. 



iiffihof Am. 
Cbainf. 


Ac. 
Chainf. 




Offhct. 
Feet. 





0-000 




0-00 


1 


o-eog 




0-54 


2 


l-9d9 




2*18 


3 


2-998 




4*92 


4 


3*996 




874 


6 


4*994 




13*66 


6 


5-989 




19-78 


7 


6-982 




26-91 


8 


7-974 




35-13 


9 


8-965 




44-46 


10 


9-954 




54*86 



L«Dgfhof Are. 
ChdiiB. 


Tk. 
Chaini. 




Qflbet. 

Feet. 


10 


0-139 




54-86 


11 


1*128 




44*46 


12 


2-119 




35*13 


13 


3110 




26*91 


14 


4-103 




1978 


15 


5-099 




13*66 


16 


6-096 




874 


17 


7-095 




4*92 


18 


8-094 




2*18 


19 


9-093 




0*54 


20 


10-093 




0-00 



For setting ovi by Tangential Angles. 

Angles formed at starting point by the tangent and the chorda at the following 

chainage: 



Chains. 


Ang1«t. 


Chaina. 


Angtoa. 




1 


0*28-64' 


11 


5° 


• 1513' 


p 


2 


57*29 


12 


5 


4378 




3 


1 25-94 


13 


6 


12*43 




4 


1 54-59 


14 


6 


41-07 




5 


2 23*24 


15 


7 


972 




6 


2 51-89 


16 


7 


38*37 




7 


3 20-54 


17 


8 


7*02 




8 


3 49-18 


18 


8 


35*67 




9 


4 17-83 


19 


9 


4-31 




10 


4 46-48 

TOCAam 


20 

9 JRaditis. 


9 


32-96 




liengChof Aro. 


Ao. Ofllwt. 


Length of Aio. 
Chaina. 


Tk. 




Oflbet 


Chaina. Feet 


Chaina. 




Feel. 





0-000 ... 0-00 


10 


. 0-102 




47*05 


1 


0*999 ... 0-46 


11 


. 1-093 




38-03 


2 


1-999 ... 1-86 ! 


12 


. 2-0B5 


m 


30*16 


3 


2-998 ... 4-20 ! 


13 


. 3*080 




23*07 


4 


3-997 ... 7-60 ; 


14 


. 4-075 




16-94 


5 


4-994 ... 11-77 1 


15 


. 5-073 




1177 


6 


5-992 ... 16-94 


16 


. 6-071 




7-60 


7 


6-987 ... 23-07 i 


17 


. 7-069 




4-20 


8 


7-983 ... 30-16 ' 


18 


. 8-069 




1-86 


9 


8-975 ... 38-03 


19 


. 9*068 




0*46 


10 


9-965 ... 47*05 . 


20 


. 10-068 




0-00 



For Betting ovi by Tomgential Angles. 

Angles formed at starting point by the tangent and the chorda at the following 

chainage: 



Chaina. 


Anglea. 


Chaina. 




Anglea. 


1 


0^24-55' 


11 




4® 30*11' 


2 


49-11 


12 




4 54-66 


3 


1 13*66 


13 




5 19*22 


4 


1 38*22 


14 




5 43*77 


5 


2 2*77 


15 




6 8*33 


6 


2 27*33 


16 




6 32*86 


7 


2 51*88 


17 




6 57*42 


8 


3 16-44 


18 




7 21-98 


9 


3 40-99 


19 




7 46*53 


10 


4 6*55 


20 




8 11*09 
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TABLE lY. --"-contmued. 



Lenslhof Arc. 



1 

a 

3 

4 

e 

6 

7 

8 

9 

10 





80 Ohama Uadius. 




Ac. 


Olbet. 


Length of Arc. 
Cbabit. 


Tk. 


Ch«2». 


Feet. 


CtaaiBB. 


0-000 


0-00 


10 


0*078 ... 


0-999 


0*41 


11 


i-07a ... 


1*999 


1*65 


12 


2-067 ... 


2*998 


370 


13 


3*063 ... 


3*997 


6-60 


14 


4*068 ... 


4*994 


... 10-63 


16 


. 5-068 ... 


6-994 


... 14-84 


16 


. 6-066 ... 


6*989 


... 20*18 


17 


. 7*054 ... 


7*986 


... 26-37 


18 


8*063 ... 


8-981 


... 33*37 


19 


9*063 ... 


9*974 


... 41*19 


20 


. 10-063 ... 



Fm(. 

41 19 

33*37 

26-37 

20-18 

14-84 

10-53 

6*00 

370 

1*65 

0*41 

OXK) 



For setting out by Tangwvtial ATiglu. 

Angles formed at siariing point by the tangent and the chords at the foUowing 

chttinage: 



Chain*. 




Angles. 


Chalni. 


^agim. 


1 


0^ 


^21-48' 


11 


3^ 


66*36' 


2 





42-97 


12 


4 


17-83 


3 


1 


4-46 


13 


4 


39*32 


4 


1 


26*94 


14 


6 


0*80 


6 


1 


47*43 


16 


6 


22*29 


6 


2 


8-92 


16 


6 


4378 


7 


2 


30*40 


17 


6 


6*26 


8 


2 


61*89 


18 


6 


2675 


9 


3 


13-37 


19 


6 


48*23 


10 


3 


34*86 

90 Ohami 


20 

^Bctdms. 


7 


972 


Lcncth of Arc. 
Chalna. 


Ac. 


Oflbet. 
Feet. 


Length of Arc. 
ChAini. 


Tk. 
ChafaiB. 


OflSHt. 
FMt. 





0-000 


0-00 


10 


0*061 


... 36*63 


1 


0-999 


0-36 


11 ...... 


1-067 




29-67 


2 


1-999 


1-46 


12 


2*064 




23*43 


3 


2*999 


3*26 


13 


3-060 




17*96 


4 


3-998 


5*86 


14 


4-046 




13-28 


6 


4*997 


9*16 


16 


6*044 




9*16 


6 


6-996 


... 13*28 


16 


6*043 




6*86 


7 


6*991 


... 17*96 


17 


7*042 




3-26 


8 


7-987 


... 23*43 


18 


8*042 




1-46 


9 


8*984 


... 29-67 


19 


9-042 




0-36 


10 


9*980 


... 36*63 


20 


10-042 




OW 



For setting out by TomgenbUd AngUe. 

Aaglet formed at atarting point by the tangent and the chords at the foUowiiig 

chainage: 

Chftinf. 

11 



Chalne. 
1 
2 
8 
4 
5 
6 
7 
8 
9 
10 



. •• 



.«« 



•*• 



. • • 



• !• 



. . • 



• t • 



Anglee. 
(f 19*09' 
38*19 
67-29 
16*34 
36*49 
64*69 
13*69 
32-79 

2 61*89 

3 10*98 




1 
1 
1 
2 
2 



12 
13 
14 
16 
16 
17 
18 
19 
20 



Anglet. 
3° 30*06' 
3 49*18 
8*28 
27*38 
46-46 
6-68 
24*68 
43*77 
2-88 
21-97 



4 
4 
4 
6 
6 
6 
6 
6 



TABLE IV. "^continued. 
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100 Chains Eadi/us. 



Length of Arc. 
Chatiis. 


Ac. 
Chftliu. 


Oflbet. 
Fe«t. 


Lenrthof Arc. 
Ciiains. 


Tk. 

Cbaiiu. 


Oflhet. 
Feet. 





O'OOO . 


0-00 


10 


0-063 .. 


* 32-96 


1 


0-999 . 


0-32 


11 


1-060 .. 


26-69 


2 


1-999 . 


1-29 


12 


2-046 .. 


. 2110 


3 


2*999 . 


2-91 


13 


3-043 .. 


16-13 


4 


3-998 . 


6-27 


14 


4-040 .. 


11*86 


o .<.... 


4-997 . 


8-26 


16 


6-038 .. 


8-26 


6 


6-995 . 


11-86 


16 


6-037 .. 


6-27 


7 


6-992 . 


.. 16-13 


17 


7-036 .. 


2-91 


8 


7-990 . 


21-10 


18 


8-036 .. 


1-29 


9 


8*986 . 


26*69 


19 


10-036 .. 


0-32 


10 


9-982 . 


32*96 


20 


10-036 .. 


0-00 



For setting out by Tcmgential Angles. 

Angles formed at starting point by the tangent and the chords at the following 

ohainage : 



ChAiiu. 


Angles. 


ChainB. 


Angles. 


1 


0° 17-19' 


11 


3° 9-08' 


2 


34-38 


12 


3 26-27 


3 


61-66 


13 


3 43-46 


4 


1 8-75 


14 


4 0-64 


6 


1 26-94 


16 


4 17-83 


6 


1 43-13 


16 


4 36-02 


7 


2 0*32 


17 


4 62-21 


8 


2 17-61 


18 


6 9-40 


9 


2 34-70 


19 


6 26-69 


10 


2 61-89 


20 


6 43-78 



920 



TABLE V. 



Differenoe between tbe 
.Apparent toad Tme 
Leyel for distftnoes 
in Feet. 



Correction in BecimalB 
of Feet. 




100 

150 

200 

250 

800 

350 

400 

450 

500 

550 

600 

650 

700 

760 

800 

850 

900 

950 

1000 

1050 

1100 

1150 

1200 

1250 

1800 

1850 

1400 

1450 

1500 

1550 

1600 

1650 

1700 

1750 

1800 

1850 

1900 

1950 

2000 




•00020 

•00046 

•00083 

•00128 

•00184 

•00251 

•00328 

•00415 

•00513 

•00621 

•00738 

•00866 

•01005 

•01153 

•01312 

01481 

•01661 

•01851 

•02059 

•02261 

•02481 

•02712 

•02958 

•03204 

•08465 

•08738 

•04019 

•04811 

•04614 

•04927 

•05250 

•05588 

•05926 

-06280 

-06645 

•07161 

'07403 

-07798 

•08208 



Differenoe between tiie 
Apparent and Trae 
Level for dietanoes 
in Links. 



Correction in Decimals 
of Feet. 




100 
150 
200 
250 
800 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
950 
1000 
1050 
1100 
1150 
1200 
1250 
1800 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 
1800 
1850 
1900 
1950 
2000 




•00009 

•00021 

•00036 

•00056 

•00081 

•00110 

•00143 

•00181 

•00224 

•00270 

•00321 

•00877 

•00488 

•00562 

•00572 

•00645 

•00728 

•00806 

•00893 

•00985 

•01081 

•01181 

•01287 

•01895 

•01509 

•01628 

•01751 

•01878 

•02010 

•02146 

•02287 

•02482 

•02582 

•02786 

•02895 

•08058 

•08225 

•08897 

•08573 



Differenoe between tbe 
Apparent and Tme 
Level for distaneei 



in 



Correction in Decimals 
of Feet 



.9 

is 



i 
i 

1* 

I' 

S 

Si 

4 

6 

I* 

8* 
9 

10 

11 

12 
18 
14 
15 
16 
17 
18 
19 
20 




'0857 

•1480 

•8216 

•5717 

1-2864 

2*2869 

8^5738 

51469 

7-0085 

9^1474 

11-5778 

14-2929 

17-2945 

20-5817 

24 1551 

28-0148 

82 1591 

86-5883 

41 '8066 

46 8089 

51 5975 

571714 

69 1774 

82-3269 

96^6197 

112-0560 

128-6857 

146-8589 

165-2254 

185-2859 

206-3889 

28-6857 



TABLE VI. 
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NATURAL SINES. 



Degreea 


(/ 


10' 


20' 


80' 


40' 


60' 


60' 







0000000 


0039089 


0058177 


0087265 


0116868 


0146489 


0174524 


89 


1 


0174534 


0303608 


0332690 


0261769 


0290847 


0819923 


0848995 


88 


3 


0848995 


0378065 


0407131 


0486194 


0465253 


0494308 


0523860 


87 


8 


0623860 


0563406 


0581448 


0610485 


0639517 


0668544 


0697565 


86 


4 


0697565 


0726580 


0756589 


0784591 


0818587 


0843576 


0871557 


85 


6 


0871567 


0900532 


0929499 


0968458 


0987408 


1016361 


1045285 


84 


6 


1045385 


1074210 


1108126 


1182082 


1160929 


1189816 


1218693 


88 


7 


1318698 


1247560 


1276416 


1305262 


1884096 


1363919 


1391781 


82 


8 


1891781 


1420681 


1449819 


1478094 


1506857 


1686607 


1564845 


81 


9 


1564845 


1593069 


1621779 


1650476 


1679159 


1707828 


1786489 


80 


10 


1786483 


1765121 


1798746 


1622355 


1850949 


1879628 


1908090 


79 


11 


1908090 


1986636 


1965166 


1998679 


2022176 


2050656 


2079117 


78 


13 


3079117 


2107561 


2136988 


2164396 


3192786 


2221168 


2249511 


77 


18 


3349511 


2277844 


2806159 


2334454 


2862729 


2390984 


8419319 


76 


14 


2419319 


2447433 


2475627 


2508800 


2681952 


2560082 


2588190 


75 


15 


2588190 


2616277 


2644342 


2672884 


2700408 


2728400 


3756374 


74 


16 


2757364 


2784824 


2612251 


2840158 


2868082 


2896887 


3923717 


78 


17 


3923717 


2951522 


2979308 


8007058 


8034788 


8062492 


8090170 


73 


18 


8090170 


3117822 


8145448 


3173047 


8200619 


3328164 


8255682 


71 


19 


8355683 


8288172 


8310634 


8338069 


3865475 


3393853 


8420201 


70 


30 


3420301 


8447521 


8474812 


3502074 


3529806 


8666508 


8588679 


69 


31 


3588679 


8610821 


8687932 


3665012 


8692061 


8719079 


8746066 


68 


33 


8746066 


3778021 


8799944 


3826834 


8853693 


3880618 


8907811 


67 


38 


3907311 


8984071 


3960798 


3987491 


4014150 


4040775 


4067366 


66 


34 


4067366 


4098923 


4130445 


4146082 


4173885 


4199801 


4226183 


65 


36 


4236188 


4253538 


4378838 


4305111 


4331848 


4357548 


4888711 


64 


36 


4388711 


4409888 


4435927 


4461978 


4487992 


4518967 


4689905 


68 


" 37 


4589905 


4566804 


4691665 


4617486 


4648269 


4669013 


4694716 


62 


38 


4694716 


4730880 


4746004 


4771588 


4797181 


4833684 


4848096 


61 


39 


4848096 


4878517 


4898897 


49S4236 


4949682 


4974787 


6000000 


60 


80 


5000000 


5036170 


6050298 


6075884 


5100426 


6135436 


6150881 


69 


81 


5150381 


5176398 


6200161 


5334986 


6249766 


5374503 


6299198 


68 


83 


5399198 


6838889 


6848440 


5873996 


6397507 


6421971 


5446890 


57 


88 


5446890 


6470763 


6496090 


5519870 


5543603 


5567790 


6691929 


66 


84 


5591929 


6616031 


6640066 


5664063 


5688011 


6711912 


5786764 


66 


85 


5785764 


5759568 


5788328 


6807080 


5830687 


5854294 


6877858 


64 


86 


6877858 


5901361 


5924819 


6948328 


6971686 


6994898 


6018150 


68 


87 


6018160 


6041856 


6064511 


6087614 


6110666 


6188666 


6156615 


63 


88 


6156615 


6179511 


6202855 


6225146 


6347885 


6270671 


6298204 


61 


89 


6293304 


6316784 


6888810 


6860782 


6388201 


6406666 


6437876 


60 


40 


6437876 


6450132 


6472834 


6494480 


6516572 


6588609 


6560590 


49 


41 


6560590 


6582616 


6604886 


6626200 


6647969 


6669661 


6691806 


48 


43 


6691306 


6713895 


6^84427 


6756902 


6777820 


6798681 


6819984 


47 


48 


6819984 


6841339 


6862416 


6888546 


6904617 


6925680 


6946584 


46 


44 


6946584 


6967479 


6988815 


7009098 


7039811 


7060469 


7071068 


46 
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NATUEAL SINES. 



Degrees. 


0' 


10' 


20' 


80' 


40^ 


60' 


60' 




46 


7071068 


7091607 


7112086 


7182604 


7163868 


7178161 


7198898 


44 


46 


7198898 


7218674 


7388690 


7258744 


7378786 


7298668 


7818687 


48 


47 


7818687 


7888846 


7868090 


7878778 


7893894 


7411968 


7481448 


48 


48 


7481448 


7460881 


7470261 


7489667 


7608800 


7637980 


7647096 


41 


49 


7647096 


7666148 


7686186 


7604060 


7683919 


7641714 


7660444 


40 


60 


7660444 


7679110 


7697710 


7716346 


7784716 


7768131 


7771460 


89 


51 


7771460 


7789788 


7807940 


7836082 


7844167 


7862166 


7880108 


88 


6S 


7880108 


7897988 


7916792 


7988688 


7961808 


7968816 


7986366 


87 


68 


7986866 


8008827 


8021282 


8040299 


8066887 


8078088 


8090170 


86 


64 


8090170 


8107284 


8124229 


8141156 


8168018 


8174801 


8191520 


85 


66 


8191630 


8208170 


8224761 


8241262 


8367708 


8274074 


8290876 


84 


66 


8390876 


8806607 


8822768 


8888868 


8864878 


8870827 


8886706 


88 


67 


8386706 


8402613 


8418249 


8488914 


8449608 


8466080 


8480481 


82 


68 


8480481 


8495860 


8611167 


8626408 


8641664 


8566666 


8671678 


81 


69 


8671678 


8686619 


8601491 


8616292 


8681019 


8645678 


8660264 


80 


60 


8660364 


8674762 


8689196 


8708557 


8717844 


8782068 


8746197 


39 


61 


8746197 


8760268 


8774264 


8788171 


8803014 


8816782 


8829476 


38 


62 


8839476 


8848095 


8856689 


8870108 


8888508 


8896822 


8910066 


27 


68 


8910066 


8928284 


8986826 


8949344 


8963286 


8976161 


8987940 


36 


64 


8987940 


9000654 


9018292 


9036863 


9088888 


9050746 


9068078 


36 


66 


9068078 


9075883 


9087511 


9099618 


9111687 


9128584 


9185456 


84 


66 


9185466 


9147247 


9158968 


9170601 


9182161 


9198644 


9205049 


38 


67 


9305049 


9216875 


9227624 


9288796 


9249888 


9260902 


9271889 


88 


68 


9371839 


9282696 


9298475 


9304176 


9814797 


9826840 


9836804 


81 


69 


9335804 


9346189 


9866495 


9366722 


9876869 


9886938 


9896926 


80 


70 


9896926 


9406835 


9416665 


9426415 


9486085 


9446675 


9456186 


19 


71 


9465186 


9464616 


9473966 


9483287 


9492426 


9601686 


9510565 


18 


72 


9510565 


9519514 


9528382 


9587170 


9645876 


9564602 


9668048 


17 


78 


9563048 


9571512 


9579895 


9588197 


9596418 


9604558 


9613617 


16 


74 


9612617 


9620594 


9628490 


9686805 


9644087 


9661689 


9659258 


16 


75 


9659258 


9666746 


9674152 


9681476 


9688719 


9696879 


9702957 


14 


76 


9702957 


9709958 


9716867 


9723699 


9780449 


9787116 


9748701 


18 


77 


9743701 


9750203 


9756623 


9763960 


9769216 


9776887 


9781476 


18 


78 


9781476 


9787483 


9798406 


9799347 


9805005 


9810680 


9816272 


11 


79 


9816272 


9821781 


9827306 


9833549 


9887808 


9842985 


9848078 


10 


80 


9848078 


9858087 


9858018 


9863856 


9867615 


9872291 


9876883 


9 


81 


9876883 


9881892 


9885817 


9890159 


9894416 


9898690 


9902681 


8 


82 


9902681 


9906687 


9910610 


9914449 


9918204 


9921874 


9925462 


7 


83 


9925463 


9928965 


9932384 


9985719 


9988969 


9942186 


9946219 


6 


84 


9945319 


9948217 


9951132 


9958963 


9956708 


9969870 


9961947 


6 


86 


9961947 


9964440 


9966849 


9969178 


9971418 


9978569 


9975641 


4 


86 


9975641 


9977627 


9979530 


9981348 


9983082 


9984731 


9986296 


8 


87 


9986295 


9987775 


9989171 


9990483 


9991709 


9992851 


9993908 


8 


88 


9993908 


9994881 


9995770 


9996573 


9997292 


9997927 


9998477 


1 


89 


9998477 


9998942 


9999823 


99996)9 


9999881 


9999968 


1000000 
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NATUBAL TANGENTS. 



I>«gree8. 


0' 


10' 


20' 


30' 


40' 


60' 


60' 







0000000 


0039089 


0058178 


0087269 


0116361 


0145454 


0174651 


89 


1 


0174551 


0303650 


0233763 


0261859 


0290970 


0330086 


0349208 


88 


3 


0349308 


0378835 


0407469 


0486609 


0465767 


0494913 


0524078 


87 


8 


0534078 


0553251 


0582484 


0G11626 


0640829 


0670043 


0699268 


86 


4 


0699368 


0728505 


0757765 


0787017 


0816293 


0846688 


0874887 


85 


5 


0874887 


0904206 


0938540 


0963890 


0992257 


1021641 


1051042 


84 


6 


1051042 


1080462 


1109899 


1189866 


1171781 


1198829 


1227846 


88 


7 


1337846 


1257384 


1286948 


1316625 


1346129 


1376767 


1406408 


82 


8 
9 


1405408 


1435084 


1464784 


1494510 


1524262 


1554040 


1688844 


81 


1583844 


1613677 


1648537 


1673426 


1703344 


1733292 


1763370 


80 


10 


1763370 


1793279 


1828319 


1853390 


1883496 


1913682 


1943803 


79 


11 


1943808 


1974008 


2004248 


2034528 


2064834 


2095181 


2125566 


78 


12 


3135566 


2155988 


2186448 


2216947 


2247485 


2278068 


3308683 


77 


13 


3808683 


2339342 


2370044 


2400788 


2431675 


2462405 


3493380 


76 


14 


3498280 


2524200 


2555165 


2586176 


2617234 


2648839 


3679493 


75 


15 


2679492 


2710694 


2741945 


2778245 


2804597 


2835999 


3867454 


74 


16 


3867454 


2898961 


2980521 


2962135 


2993803 


3025627 


8057307 


78 


17 


8057807 


8089143 


3131036 


3152988 


3184998 


3217067 


3349197 


73 


18 


8349197 


8281887 


3318689 


3345953 


3378330 


3410771 


3448376 


71 


19 


8443376 


3475846 


3508488 


3541186 


3573966 


3606795 


8689703 


70 


30 


8639702 


3672680 


3705728 


3738847 


3772088 


4806302 


8838640 


69 


31 


3838640 


3872058 


3905541 


8939105 


3972746 


4006466 


4040262 


68 


33 


4040263 


4074139 


4108097 


4142136 


4176267 


4210460 


4244748 


67 


33 


4244748 


4279121 


4813579 


4348124 


4382756 


4417477 


4452287 


66 


34 


4452287 


4487187 


4522179 


4557263 


4592439 


4637710 


4663077 


65 


35 


4663077 


4698539 


4734098 


4769765 


4805612 


4841368 


4877326 


64 


36 


4677326 


4918386 


4949549 


4985816 


5022189 


5058668 


5095254 


63 


37 


5095254 


5131950 


516S755 


6206671 


5242698 


6279839 


6317094 


63 


38 


5317094 


5354465 


5391952 


5429557 


6467281 


5606126 


5543091 


61 


39 


5548091 


5581179 


5619391 


5657728 


6696191 


6734783 


5773603 


« 60 


80 


5773508 


5812353 


5851835 


5890460 


5929699 


6969084 


6008606 


59 


81 


6008606 


6048266 


6088067 


6128008 


6168092 


6208320 


6248694 


58 


83 


6248694 


6389214 


6329813 


6370703 


6411673 


6452797 


6494076 


57 


88 


6494076 


6535511 


6577108 


6618866 


6660769 


6702845 


6745085 


56 


84 


6745085 


6787492 


6830066 


6872810 


6916726 


6958813 


7002075 


55 


85 


7002075 


7045515 


7089133 


7132931 


7176911 


7221075 


7265425 


54 


36 


7266425 


73099C8 


7854691 


7399611 


7444724 


7490033 


7535641 


58 


87 


7585541 


7581248 


7627157 


7673270 


7719589 


7766118 


7812856 


53 


88 


7812856 


7859808 


7906975 


7954869 


8001963 


8049790 


8097840 


51 


89 


8097840 


8146113 


8194625 


8243864 


8292337 


8341647 


8890996 


50 


40 


8390996 


8440688 


8490634 


8540807 


8591240 


8641926 


8692867 


49 


41 


8692867 


8744067 


8795528 


8847358 


8899244 


8951506 


9004040 


48 


43 


9004040 


9056851 


9109940 


9163812 


9216969 


9270914 


9325161 


47 


48 


9835161 


9379688 


9484513 


9489646 


9545088 


9600829 


9656888 


46 


44 


9656888 


9718363 


9769956 


9826973 


9884316 


9941991 


1.0000000 


45 




60 


50 


40 


30 


20 


10 





DegrooB. 



NATUBAL COTANGENTS. 



824 
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NATURAL TANGENTS. 








Degrees. 


0' 


10' 


20' 


80' 


40' 


6(f 


Wf 




45 


1-0000000 


1*0058848 


1-0117088 


1-0176074 


1-0285461 


1*0295208 


I 0866908 


44 


46 


1*0855808 


1-0415767 


1-0476698 


1-0537801 


1-0599881 


1-0661841 


1-0738687 


43 


47 


1-0728687 


1-0786423 


1*0849554 


1-0918085 


1-0977020 


1-1041365 


1-1106185 


4? 


48 


1-1106125 


11171305 


1-1236909 


1-1802944 


1-1869414 


1-1486326 


1*160S€84 


41 


49 


1-1508684 


1-1571495 


1-1639763 


1*1708496 


1-1777698 


1*1847876 


1-1917586 


4G 


ftO 


1-1917586 


1-1988184 


1*2059327 


1*2180970 


1-2203121 


1-2275786 


1-334S972 


39 


51 


1-2848972 


1-2422685 


1-2496933 


1-2671728 


1*2647062 


1-2722957 


1-2789416 


38 


52 


1-2799416 


1-2*876447 


1-2954057 


1-3082254 


1-3111046 


1-3190441 


1*8270448 


i? 


58 


1-8270448 


1-8851075 


1-8432831 


1-3614224 


1*8596764 


1-8679959 


1-37G8819 


U 


54 


1-8763819 


1-8848858 


1*3983571 


1*4019488 


1*4106098 


1-4193427 


1-4281480 


Si 


55 


1-4281480 


1-4370268 


1-4459801 


1*4650090 


1*4641147 


1-4782988 


1*4828810 


34 


58 


1-4825610 


1-4919089 


1-5018282 


1-5108352 


1*5204261 


1-5801028 


1*6398850 


iz 


57 


1-5898660 


1*5497155 


1-5596652 


1*6696856 


1*5798079 


1-5900288 


1-6008345 


Si 


58 


1-6008845 


1-6107417 


1*6212469 


1*6318517 


1*6425576 


1-6688663 


1*6842795 


31 


59 


1*6642795 


1-6752988 


1-6864261 


1-6976631 


1*7090116 


1-7204736 


1-7820608 


30 


60 


1-7320508 


1'7487458 


1.7556590 


1-7674940 


1*7795524 


1-7917862 


1-8040478 


29 


61 


1-8040478 


1-8164892 


1-8290628 


1-8417709 


1*8546159 


1-8676008 


1*8807265 


sa 


62 


1-8807265 


1-8989971 


1-9074147 


1-9209821 


1*9347020 


1-9485772 


1-9628105 


27 


68 


1-9626105 


1-9768050 


1-9911687 


2*0056897 


2*0203862 


2-0852566 


20503038 


S< 


64 


2-0508088 


2-0655318 


2*0809488 


2-0965486 


2-1128348 


2-1288218 


21445089 


35 


65 


2-1445069 


2-1608958 


2-1774920 


2-1942997 


2-2118234 


2-2285676 


2-3460368 


24 


66 


2*2460868 


2 2687857 


2-2816693 


2-2998426 


2-8182606 


2-8869287 


2-8558524 


3S 


67 


2-8558524 


2-8750372 


2-8944889 


2-4142136 


2-4842172 


2-4545061 


2-4750889 


32 


68 


2-4750869 


2*4959661 


2-5171507 


2-5386479 


2-5604649 


2-5826094 


2*6050891 


31 


69 


2-6050891 


2*6279121 


2-6510867 


2-6746215 


2-6985254 


2-7228076 


2-7474774 


20 


70 


2-7474774 


2-7725448 


2-7980198 


2-8239129 


2-8502349 


2*8769970 


2*9042109 


19 


71 


2-9042109 


2*9818880 


2-9600423 


2-9886850 


8*0176801 


3-0474915 


80776835 


18 


72 


8*07768S6 


8-1084210 


8*1897194 


8*1716948 


3-2040688 


3-2871438 


8-2708526 


17 


78 


8-2708526 


3-8052091 


8*3402826 


8*8769484 


8-4123626 


8*4495120 


3-4874144 


16 


74 


8-4874144 


8*5260938 


3-5655749 


8*6068885 


3-6470467 


8*6890927 


8-7820508 


15 


75 


8-7820508 


3-7769619 


3-8208281 


8*8667181 


3-9186420 


8*9616518 


4-0107809 


14 


76 


40107809 


4-0610700 


41125614 


4-1652998 


4-2198818 


4*2747066 


4*8814759 


IS 


77 


4-8814759 


4-8896940 


4-4494181 


4-6107086 


4*5736287 


4-6882467 


4-7046301 


11 


78 


8-7046801 


4-7728568 


4-8480046 


3-9161570 


4-9894027 


5*0658852 


5*1445540 


11 


79 


5-1445540 


5-2256647 


5-3092793 


5-8966172 


5-4846062 


5*5763766 


5-6712818 


10 


80 


5-6712818 


6-7693688 


6-8708042 


5-9757644 


6*0844881 


6*1970279 


6*3187515 


9 


81 


6-8187515 


6-4848428 


6*5605638 


6-6911662 


6*8269487 


6*9682335 


7*1153697 


8 


82 


71158697 


7-2687256 


7-4287064 


7*6957541 


7*7708506 


7*9530224 


81443464 


I 


83 


8-1448464 


8-3449558 


8.5565468 


8-7768874 


9*0098261 


9-2553085 


9*5148645 


6 


84 


9-5148645 


9*7881782 


10-078031 


10-386397 


10-711918 


11-059481 


11-480052 


6 


85 


11-430052 


11-826167 


12-260605 


12-706205 


13*196883 


18*726738 


14-800666 


4 


86 


14-800666 


14-924417 


16-604784 


16-349865 


17*169837 


18074977 


19-081137 


3 


87 


19-081187 


20-206653 


21-470401 


22-908766 


24*641758 


26-481600 


28-636253 


2 


88 


28-636253 


31-241577 


84-367771 


38*186469 


42*964077 


49-108881 


57-289962 


1 


89 


57*289962 


68-750087 


85-989791 


114-68866 


171-88540 


343-77871 


Infinite. 
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TABLE VL — contimued. 

NATUEAL TANGENTS. 



DegTMi. 


tf 


lO- 


20' 


30' 


w 


6(f 


aff 




l-OOOOMO 


1-O0S8S48 






10318481 


l«»»s»0» 


1 0»iJ» 
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ELLIOTT BROTHERS, 

ICANITVAOTUBSBS OF 

INSTRUMENTS 

TO THE ADKIBALTY, ORDNAlfCE. EA8T IlfDLi OOMPANT, 

AND MILITABY COLLSOS8, 

30, STRA.ND, 

ntox 
66, STRAHD, ft 6, CHABIHO CROSS, LOKDOH. 



THEODOLITES, LEVELS, THAN8IT INSTEUMBNTS, Ac. 

Fonr-ineh pUin Theodolite 13 13 

Fiye-ineh ditto ditto 16 16 

Six-inch ditto ditto 18 18 

Four-inch best Theodolite, diyided on SilTer . . 21 

Fiye-inoh ditto ditto . . 25 4 

Six-inch ditto ditto . . . 28 7 

Seven-inch ditto ditto . . 84 18 

Six-inch ditto ditto, with 2 Teleeoopei . 34 18 

Seren-inch ditto ditto ditto . 89 18 

Fiye-inch beet Transit Theodolite 28 7 

Six-inch ditto ditto 84 18 

Seven-inch ditto ditto 89 18 

Five-inch Transit Theodolite, vrithont vertical drde . . 24 8 

Six-inch ditto ditto 28 7 

Seven-inch ditto ditto 84 18 

Fonr-ineh Everest Theodolite 21 

Five-inch ditto ditto 25 4 

Six-inch ditto ditto . ' 29 8 

Seven-inch ditto ditto 84 18 

Bight-inch ditto ditto 89 18 

Drainage Level, with Stand 4 4 

Small Drimpy Level 6 10 

SllioU's Improved Dnmpy Level, 10 inch 14 14 

Ditto ditto, with Compass 16 16 

Ditto ditto, 14 inch 15 15 

Ditto ditto, ditto with Compass 17 17 

Ditto ditto, 18 inch 17 17 

Ditto with Compass 21 

Larfftr TheodolUei and Levels made to Order. 



T«n-iiioh Y UtoI 9 9 

Ditto ditto Tith Compws 10 10 

TwdTS-inch ditto 10 10 

Ditto ditto with Cmnpua 12 12 

Fonrt««u ditto 12 18 

Ditto ditto vith CompuB 14 14 

Tirenty-inoti ditto ditto IS 18 

CIreiunfartalent or Miner'i diali ■ from £G Si. to 18 IS 




Ditto, with Aiimath Qlaa ditto S 18 

Ditto, large >iie ditto 4 14 ft 

Ditto, ditto, with ulver Campaa lUtto SCO 

Stud for ditto 220 

Foar-inch Uel«l Sazlut, diTided on SilTer .990 

FiTe-inch ditto ditto 12 13 

BU-inch ditto ditto 13 13 

S^t-indi ditto ditto 14 14 

Ditto ditto ditto with dotiU« &MI« . 16 16 

Qudnnt 2 12 6 

Ditto with Tslcscopes £S ISl. 6<L to S S 

ArtifidKl Hoiiion ie2 12i. ed. to 4 14 

Focket Seilut in sling caM 4 10 

Ditto, vitji T«lea«op« ditto GOO 

Ditto, ditto, and Snpplomttitary An ditto . .000 

Ditto, ditto, ditto, large um ditto S IS 

Optical agnare 110 

PentagTaph, 24 inch i IB e 

Ktto, SO inch 6 IS 6 

Ditto, 86 inch 7 IT 6 

Ditto, *2 indi 8 18 S 

Ditto, 48 iMh 10 10 

Kdogtaph 10 10 

Station Fointen £S 6i. to 18 IS 

Tnuiiit Iiwtrament IS IS 

Ditto, irith Iron Stand 21 

Ktlo, 21 inch, vitli Circnlar Bian Portable Stand . 25 4 

inch, wiUi Iron Stand 4C 

„ ^ In«(t-(UD«nt, tot pH-mueDt Stations . 73 10 

l(^*l«. ^^Aiimntli, and Altitude Initmment . 9G 

litto, Titti UioTDKiopea 120 

lOl. 6d. to 16 

CompHH and Bcrer Staff . . £2 2b. to 2 12 S 



3 

£ 8. d. 

Onnent Meter £8 8s. to 5 6 

Siz-inoh Ciroalar Proiraotor, with Tangent Screw Ac^nstment 4 14 6 

Six-inoh ditto, divided on SUver ditto . . • 5 15 6 

SeTen-inoh ditto, ditto ditto . . 6 16 6 

Sight-inch ditto, ditto ditto . . . 7 17 6 

Metal and Braae Gironlar and Semi-oixealar Piotraotore, lOe. 6d. to 5 6 

Portable SUding Station Staff, 14 feet 2 12 6 

Ditto ditto, Painted 8 

Ditto, 17 feet 4.40 

ChuTatt'B Leyel Staff £8 8s.to440 

Papers for Lerel Staves per foot 2 

Ditto, in sets for 14 feet Portable Staff 8 

Chain, 66 feet 10s. to 14 6 

Ditto, extra strong wire, with 8 oval rings 18 

Ditto, 25 feet 8 6 

Ditto, 50 feet 14 

Ditto, 100 feet 12 

Patent Galvanized Chain, 66 feet .10 

Standard Chains . . . . £8 3s. to 5 5 

Arrows, set 020 

Tapes, 88 feet . 080 

Ditto ditto, divided decimally 9 

Ditto, 50 feet 9 

Ditto dittos divided dednuOly . 10 

Ditto, 66 feet 11 

Ditto ditto, divided decimally 12 

Ditto, 100 feet 16 

Pocket Tapes 88. to 10 6 

Steel Standard Tape Measures 25s. to 8 3 

Helioograph or Spiral Instrument . . . . « .880 

Farey*s EUiptograph 7 17 6 

Opisometer or Map Meter, for measuring curved lines . .086 

Pencil Cutter 040 

Card Protractors 026 

Bang's Platometer, for calculating areas on plans . . 10 10 

Amster's Planimeter ditto . . £8 8s. to 8 13 6 

Eluott Bbothbbs, in addition to the large Circular Dividing Bngina 
(which they purchased firom Mr. Johbs, of Charing Cross), have reoeiTed 1^ 
order of Qovemment, the Straight Line Dividing Bngme from the Admiralty^ 



DBAWING INSTEUMEJNTS, &c. 



£ <. d. 
Proportional Callipers, 12 inches . .300 

Ditto ditto, 9 inches 1 14 

Proportional Gompass, 12 inches . . . 3 12 6 
Ditto ditto, Oinohes . .830 

Ditto ditto, 6 inches . . . . 1 10 
Ditto . ditto, with Adjustment . . .200 

Whole and half ditto . . • . . 18 

Triangle ditto 18 

Tube Compass 1 15 

Ditto Needle Points 1 16 

Tube Beam Compass 2 

Pocket Turn-in Compass 16 

Ditto ditto, with handles . . . . 1 10 

Ditto ditto, ditto, and Bars 2 2 

Pillar Compass, with diTided Sheath . . . 1 11 6 

Napier Compass 1 11 6 

Pocket Diyiders, with Sheath .080 

Best double-jointed Compass 15 

Ink Pencil, and Wheel Legs for ditto . . each 5 6 

Lengthening Bar 5 

HairDiyider 10 

Plain Divider 6 

Tate*s Bow 14 

Double-jointed Bowpen and Bowpendl • each 10 6 

Ditto ditto, Needle Pointed .... each 12 

Hair Bow Divider 9 

Laige Needle Bows each 15 

Spring Bowpen and Pencil .... each 086 

Spring Divider 7 6 

Ivoiy Handle Drawing Pen 5 

Ditto ditto, jointed 5 6 

Ebony ditto 8 

Double Pen 10 6 

Six Wheels and Box 6 6 

Six Fens and 1 Haadle, in Cue . 1 10 

Tiao». . 2 6 

Crow Quill Holder 8 

Needle Holder 2 6 

Knife 016 
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Braas. OcrauukSilTer. 
£ i. d. £ $, d. 



Sector joined Oompftss, H, 5, or 6 inch . 

DWider 

Ink, and Pencil Legi .... 

Bar ...... . 

Bowpen and Bowpeneil • . . . 



0.10 
6 
11 
5 
18 











Marlow Compass . 

PiTider 

Ink, and Pencil Legi 

Bar . . . 

Bowpen and Bowpeneil 



9 

4 6 

9 

4 6 

12 



College Compass 7 

Inkf and Pencil Legs ' 7 

Divider 8 6 

Bowpen and Bowpeneil 7 



Steel-joint Compass, witli Pen and Pencil Leffi 

Divider 

Bowpen and Pencil 

Drawing Pen 



7 

2 6 

6 

2 



Case of Insinunents as supplied to the Boyal 
Hilitarj College, Woolwich, and Ordnance 
School 

Ditto M supplied to the Cadets at Addisoombe, 
£8 8s., £8 18s. 6d., and . 

Ditto as supplied to Harrow School 

Ditto as supplied to King's College 

Ditto for Schools . 

Architect's Case . 

Bngineer's ditto 

Magaaiuft Cases of Instruments, made of Brassy 
German Slyer, or Silyer, from 
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16 
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£ «. d. 

Marqnois Scftles, Boxwood 12 

Dit^to, Ivory 2 12 6 

Ditto, Metal 8 13 6 

Iroiy Plotting Scales, 12 inehee 10 

Ditto ditto einoheB 5 

Ditto 0£bet Scales, 2 inches . . . • • .026 

Ditto Azohitect's Scales, 12 inches 13 

Ditto ditto 6 inches ...... 7 

Ditto Protractor, 12 inches . 1 10 

Ditto ditto, 6 inches 6 

Ditto ditto. Boiling 18 

Ditto Sector . 68. to 1 1 

Ditto Parallel Bule, Brass Bars 4 6 

Ditto ditto^ German Silver Bars 5 6 

Ditto Pocket Rales 4s. 6d. to 1 11 6 

Slide Bnles 050 

Bontledge's Slide Bole, with Book 9 

Garret's Improved ditto 10 

Hawthorn's ditto, with Book 12 

Box Plotting Scales, 12 inches . ...... 4 

Ditto Offsets 016 

Ditto Architect's Scale 6 

Ditto Pocket Bnles 2s. 6d. to 14 

Bbony Parallel Bales per inch 4 

Boiling Parallel Bnles ...... do. 010 

Ditto ditto, with Ivory Bdges . . . . . do. ' 1 8 

Steel Straight Edges perfect 5 

Lanee-wood T-Sqnores do. 3 

Ebony T-Sqoares do. 4 

Oompnting Scales 16 

Drawing Boards, Taohet's Patent .... 13s. to 1 2 

Triangles, in Metal, Wood, and Ivory 

French Cnrves 

Shipwright's Curves 1 15 

Centrolinead, small size 18 

Ditto, large size 1 11 6 

Sets of Badii Carves £110to550 

Trammels £2 12 6 to 5 5 

Beam Compasses £100to550 

Lalanne's Glass Slide Bnle and Book 5 

Scales, RitUSf and TapeSf made to all Foreign Meaawreff also Engluh and 

Foreign 'Stand4ird Meaturei, 



TELESCOPES, MICROSCOPES, &c. 



TwelTe-inch Achromatic Telescope 

Bighteen-inch ditto 

Twenty-four-ixLch ditto .... 
Thirtj-ox-incli ditto .... 
Ditto in case, with Brass Stand 
Twelve-inch Portable Acromatie Telescope 
Bighteen-inch ditto ditto 
Twentj-fonr-inch ditto ditto 

Twelve-inch Portable Achromatic Telescope, Gtonan Silver 
Bighteen-inch ditto ditto ditto 
Twenty-four-inch ditto ditto ditto 
Thirty-inch ditto ditto ditto 

Military Telescope, in Leather Oase and Strap 
Ditto Ordnance Pattern 

Naval Telescope 

Thirty-six-inch Achromatic Telescope, on Stand, with Astrono 

mical Bye-pieces .... 
Forty-five-inch ditto, ditto ditto, 2| aperture 
Ditto ditto ditto, 8^ aperture 
Ditto ditto ditto, 4 -in. aperture 
Powerful Double Bace or B«connoitring Glass 

Night Telescope .... 
Gardner's Microscope .... 

Oompound ditto 

Ditto ditto with Achromatic Lenses 

Medical ditto 

Solar ditto 

Stereoscopes, with Diagrams . 

Telescopes made of all sizes. Opera Glasses, mounted in Buffalo, 

Horn, Ivory, Tortoiseshell, Pearl, &c., in every variety and 

fashion. 
Magic Lanterns and Dissolving Yiews of great variety. 
Spectacles, mounted in Gold, Silver, Steel, and Shell, with Glasses, 

Pebbles, or ChambUunt Glasses, which are highly approved of 

for Spectacles, Beading Glasses, &c., as they overcome all 

spherical aberration. 
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